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(54) Wide-range type thermistor element and method of producing the same 

(57) The thermistor element of the present invention 
is composed of a mixed sintered body 
aM 1 M 2 0 3 -bY 2 0 3 of a composition M 1 M 2 0 3 (wherein 
M 1 is Y, and M 2 is at least one element selected from 
the elements such as Cr, Mn, Ti, etc.) as a perovskite 
compound and Y2O3, wherein molar fractions a and b 
satisfy the relations 0.05 * a < 1.0, 0 < b * 0.95 and 
a + b = 1 . Another wide-range type thermistor element 
of the present invention is composed of a perovskite 
compound M 1 (M 2 M 3 )0 3 , wherein M 1 is at least one ele- 
ment selected from the elements of the groups II and 
I II A excluding La in the Periodic Table, and each of M 2 
and M 3 is at least one element selected from the ele- 
ments of the groups IIB, NIB, IVA. VA, VIA, VIIA and VIII. 
a and b satisfy the relations a + b = 1 and 0 < b < 0.1 , 
where a is a molar fraction of M 2 and b is a molar frac- 
tion of M a in M^M^M 3 ^. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 



The present invention relates to a thermistor element which can detect a temperature ranging from room temDera- 
.s particularly surtable for use in a temperature sensor for an automobile exhaust gas. 
2. Description of the Related Art 

. hi i*!I m , iSt °I e,ement !. 0 « r « a temoerature sensor j s used in the measurement of a temperature ranging from moderate 
,s Z^SXT*? (6 - 9 - TJ° 1300 ° C " StC ) SUCh 38 *mP«*ui. <* automobiie exhaust gas. ga l£ZS 
is ture of gas hot-water supply device, temperature of a heating oven etc «mpera 

«o 0 n?/? raCteri \ tiCS ?/ tHiS Wnd 01 3 thermistor e,em ent are indicated by the resistivity and resistivity temperature coef- 

t^T* * *• reSiStiVrty) " 0ltier to a PracticaUesistivity w^nEElSL 

detecting crcurt consbtutng the temperature sensor, it is desired that the resistivity of the Zmistor eleme^is wS n 

^.eTa^ 

As the thermistor element using perovskite material, for example, those described in Japanese Patent Kbkai Pub- 
of y'st N f ° S F He L 6 - 3 t 25907a ^ Hei *»1528 are suggested. These thermistor elements «r£££d £5£E»2Si 
of Y Sr. Cr. Fe. Ti. etc. in a predetermined composition proportion and calcining the mixture to form a oeriS Sd solu 
ton in order to realize a thermistor which can used in a wide temperature range 

The resistivity characteristics of the wide-range type thermistor element are indicated by the resistivity and resist 
rty temperature coefficient In a normal temperature sensor, it is necessary that the resSZ ofthe ^SS^^SZ 

IS" .™ ^:^rsr kn range in view 01 *• ^ SEEIES 

2™ k ? * afford n 9 a he a« "'story from room temperature to 1000°C to the thermistor element the smaller a 
change between the resistrvrty after heat history and the initial resistivity, the better 

k , th w f^l^ 3 " 656 Paterrt Public a«>o"s. various thermistor elements of a perfect solid solution are suaoested 

2£22£ 01 element resistivity at 300 ° C or ™ re are **»"• Tl^taSi^lS^ZSSS 

r^^iSUL I 69 !" 1 ? 9 • 1h ^ 6 i 1 ^" 9 3 r6SiStivity Stabl,ity in the heat histor y from r °°m temperature to 1000°C the 
res.strvrty becomes h.gher in the temperature range from room temperature to 300'C. Therefore it isirnoosstote todVs 

eta J k 9 ^ f 16 35076 problems - an ob i ect of th e present invention is to provide a thermistor element which has 
stable charactenst.es (i.e. small change in resistivity in the heat history from room temperate to Sj^ 
resistivity of 50 to 300 kn within the temperature range from room temperature to l!o5c 

45 

SUMMARY OF THE INVENTION 
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(First aspect) 
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1 J J 1 ! ? l aSP6Ct ° f the pr6Sent invention for accomplishing the above object, the present inventors have con- 
iuX n a l a t Th'Tm ^If ^ 6,ement iS COmp ° Sed ° f 3 P erfect so,id hSgTpTroS 

SS??- h ' ,CU 3 PSrf "* 60,1(1 SO ' Uti0n 38 a sina,e impound to satisfy the above resisSviwXtcSr 
istics which are liable to be contrary to each other. resisuviiy cnaracter- 

tp, J^™*^ ° bjeCthas been accomplished by using a novel thermistor material composed of a mixed sin- 
DreDared ^ ™9 two compounds, i.e. a perovskite material (oxide) having a conparat^etyTowrelis- 
trvity and a material having a comparatively high resistivity in place of the perfect solid solution 

The present inventors have tested and studied various perovskite materials. As a result, it has been found that 
a composrtion M W0 3 (M 1 ,s at least one element selected from the elements of the groups ll!SSSlS3^ 
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La in the Periodic Table, and M 2 is at least one element selected from the elements of the groups II B, 1MB, IVA, VA, 
VIA, VIIA and VIII) is preferable as a material having resistivity characteristics which are suitable for accomplishing 
the above object. 

Since La has high moisture absorption property, there is a problem that La reacts with water in the air to form 
5 an unstable hydroxide, which results in breakage of the thermistor element. Therefore, La is not used as M 2 . 

On the other hand, it has been decided that Y 2 0 3 (yttrium oxide), which has a comparatively high resistivity 
and stabilizes resistivity of the thermistor material, is used as another material to be mixed, as a result of the study. 

By preparing a mixed sintered body from M 1 M 2 0 3 and Y 2 0 3 , a thermistor element of a mixed sintered body 
M 1 M 2 0 3 * Y 2 0 3 . The term "mixed sintered body" used herein means a sintered body wherein grains constituting 
10 the sintered body comprise a mixture of grains of a first component M 1 M 2 0 3 and grains of a second component 
Y 2 0 3 . 

1) That is, this mixed sintered body is a mixed sintered body M 1 M 2 0 3 • Y 2 0 3 of the above M 1 M 2 0 3 and Y 2 0 3 , 
wherein M 1 is at least one element selected from the elements of the groups MA and IMA excluding La in the 
15 Periodic Table, and M 2 is at least one element selected from the elements of the groups IIB t IIIB, IVA. VA. VIA. 

VIIA and VIII in the composition M^MpO^. More specifically, it can also be represented as aM 1 M 2 0 3 *bY 2 0 3 . 

This thermistor element was incorporated into a temperature sensor and the resistivity characteristics of 
the element were examined. As a result, it could be confirmed that it is stable, that is, a change in resistivity is 
small (e.g. few %, etc.) even in the heat history from room temperature to 1000°C and the resistivity is from 50 
20 to 300 kn within the temperature range from room temperature to 1000°C. 

Therefore, according to this invention, it is possible to provide a thermistor element which can detect a 
temperature ranging from room temperature to high temperature of 1000°C and has stable characteristics, that 
is, a change in resistivity is small even in the heat history from room temperature to 1000°C ( so-called wide- 
range type thermistor element. 

25 2) As a result of the study of the present inventors, regarding each element in the above perovskite compound - 

M 1 M 2 0 3 , M 1 is preferably at least one element selected from Y, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Yb, Mg, 
Ca, Sr, Ba and Sc, and M 2 is preferably at least one element selected from Ti, V, Cr, Mn. Fe, Co, Ni, Zn, Al, Ga, 
Zr, Nb, Mo, Hf t Ta and W, in view of the practical use. 

3) As a result of a further study about a mixing ratio of N^WpQ^ and Y 2 0 3 , it has been found that the effect of 
30 the present invention can be accomplished more certainly if the mixing ratio is within a predetermined range, 

that is. when a molar fraction of the above M 1 M 2 0 3 is a and b is a molar fraction of the above Y 2 0 3 . these molar 
fraction a and b satisfy the relations 0.05 £a<1.0,0<b£ 0.95 and a + b = 1 in the composition formula 
aM 1 M 2 0 3 -bY 2 0 3 . 

Since the molar fractions can be changed within a wide range in such way, the resistivity and resistivity 
35 temperature coefficient can be widely controlled by appropriately mixing both M 1 M 2 0 3 and Y 2 0 3 and firing the 

mixture. 

4) In the sintered body, a sintering auxiliary is added to improve the sintering property of the respective parti- 
cles. As a result of the test and study about various sintering auxiliaries, it has been found that it is preferable 
to use a sintering auxiliary comprising at least one of CaO, CaC0 3 and CaSi0 3 , and Si0 2 in case of the mixed 

40 sintered body of the present invention. Consequently, a wide-range type thermistor element having excellent 

sintering density can be obtained. 

(B) As a result of the advancement of the test, it has been found that a detected temperature accuracy varies with 
the sensor in the level within the range from ±20 to 30°C in the temperature sensor using the above thermistor ele- 
45 ment. 

Hence, an examination of various conditions in the production step of the thermistor element, such as com- 
pounding, molding and firing or sintering conditions have been advanced for the purpose of improving this temper- 
ature accuracy (reduction of scatter in detected temperature accuracy between sensors). 

As a result, it has been found that scatter in temperature accuracy arises as follows. That is, since the average 
so particle diameter of M 1 M 2 ^ as the perovskite material obtained by the calcination is larger than that of Y 2 0 3 , both 
components are not uniformly mixed to cause scatter in composition of the mixed sintered body, which results in 

es*affar In raeietlwih/ s\f tha thormietnr ataman4 

1) Therefore, the present inventors have considered that uniform mixing of the composition can be realized if 
55 the average particle diameter of M 1 M 2 0 3 is adjusted to an average particle diameter which is the same as that 

of Y 2 0 3 in the mixed state before calcination, and a test and study have been made. As a result, it has been 
found that M 1 M 2 Q 3 obtained by the calcination and Y 2 0 3 may be mixed and ground to adjust the average par- 
ticle diameter of this mixture (M 1 M 2 Q 3 and Y 2 0 3 ) to an average particle diameter which is not more than that 
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of Y 2 0 3 before mixing. 

That is, when using this production method, uniform mixing is realized by atomization of M 1 M 2 0 3 and 
Y 2 0 3 and a variation in composition of the mixed sintered body M 1 M 2 0 3 • Y 2 0 3 is reduced and, therefore, scat- 
v ter in resistivity of the thermistor element can be reduced. Accordingly, it is possible to provide a wide-range 
5 : type thermistor element which can realize a sensor temperature accuracy better than a conventional level 

. within the temperature range from room temperature to 1000°C (small scatter in temperature accuracy 
V between sensors). 

% 2) The mixed sintered body Y(CrMn)0 3 • Y 2 0 3 can also be obtained by a method of mixing an oxide of Cr with 
^an oxide of Mn, calcining the mixture at 1000°C or more to obtain (Mnj ^Crj .5)0* and performing direct mix- 
*0 . ing/sintering of (Mn-i sC^ s)0 4 and Y 2 0 3 in place of a method of mixing Y(CrMn)0 3 with Y 2 0 3 and sintering 

the mixture. In this case, the same effect can be exerted by mixing an oxide of Cr with an oxide of Mn ( calcining 
the mixture at 1 000°C or more to obtain (M^ sCr, s)0 4 having an average particle diameter larger than that of 
the above Y 2 Os, mixing this (Mn! 5 Cr 1 5 )0 4 with the above Y 2 0 3j grinding the mixture to adjust the average 
. particle diameter of this mixture to an average particle diameter which is not more than that of the above Y 2 0 3 
15 before mixing, molding the mixture into an article having a predetermined shape and sintering the article. 

3) The mixed sintered body Y(CrMnTi)0 3 • Y 2 0 3 can also be obtained by mixing an oxide of Cr with an oxide 
of Mn, calcining the mixture at 1000°C or more to obtain (Mn t sC^ 5 )0 4l and performing mixing and sintering 
of (Mn., .sCr-i 5 )0 4 , Y 2 0 3 and Ti0 2 . In this case, the same effect can be obtained by mixing an oxide of Cr with 
• an oxide of Mn, calcining the mixture at 1000°C or more to obtain (Mn 1 5Cr 1>5 )0 4 having an average particle 
20 diameter larger than that of the above Y 2 0 3 , mixing this (Mn 1 5 Cr^ g)0 4 with the above Y 2 0 3 and Ti0 2 , grinding 

the mixture to adjust the average particle diameter of this ground mixture to an average particle diameter which 
is not more than that of the above Y 2 0 3 before mixing, molding the mixture into an article having a predeter- 
. mined shape and sintering the article. 

25 (C) Furthermore, an examination of the production method of the thermistor element has been advanced for the 
purpose of improving the detected temperature accuracy of the temperature sensor using the thermistor element 
of the present invention. As a result it has been found that scatter in composition of M 1 M2o 3 itself obtained by the 
calcination exerts an influence on scatter in composition of the mixed sintered body M 1 M 2 0 3 • Y 2 0 3 (i.e. scatter in 
resistivity of the thermistor element). 

30 

Now, the cause of scatter in the composition of M 1 M 2 0 3 obtained by the calcination in the method of producing the 
mixed sintered body M 1 M 2 0 3 • Y 2 0 3 will be described by way of the example wherein M 1 = Y and M 2 = Cr and Mn. i.e. 
example using Y(Cr 0 5 Mn 0 5 )0 3 . 

For example, Y(Cr 0 . 5 Mno.5)0 3 is prepared as follows (see Fig. 20). Y 2 0 3 (average particle diameter: about 1 urn) 
35 as a source material of M 1 , and Cr 2 0 3 (average particle diameter: about 4 nm) and Mn 2 0 3 (average particle diameter: 
about 7 uin) as source materials of M 2 are compounded in a molar ratio Y:Cr:Mn = 1 :0.5:0.5 (compounding 1), mixed 
and ground by using a ball mill, and then this mixture is calcined at 1000°C or more to obtain Y(Cr 0 5 Mn 0 .s)O 3 . 

The present inventors have found that a problem lies in the mixing and grinding using a ball milt in the above step. 
That is, according to the mixing and grinding using a ball mill, the average particle diameter after the mixing and grind- 
40 ing is limited to about 2 um and the average particle diameter of Cr 2 0 3 and that of Mn 2 0 3 are larger than that of Y 2 0 3 . 

Accordingly. Y(Cr 0 5 Mn 0 . 5 )O3 obtained by the calcination reaction of the mixture of Y^, Cr 2 0 3 and Mn 2 0 3 
becomes a mixture containing a composition shifted from Y:Cr:Mn = 1 :0.5:0.5 due to a difference in particle diameter 
of each raw material, e.g. various compositions from composition of Y:Cr:Mn = 1:0.6:0.4 to composition of Y:Cr:Mn = 
1:0.4:0.6. 

45 Since these compositions, from a composition of Y:Cr:Mn = 1 :0.6:0.4 to a composition of Y:Cr:Mn = 1 :0.4:0.6. have 

different resistivity and resistivity temperature coefficient (0 value), the resistivity varies with the element to cause scat- 
ter in element resistivity. 

In case that a part of Y 2 0 3 , Cr 2 0 3 and Mn 2 0 3 as the raw material (shifted from the composition ratio) is remained 
as an unreacted matter, scatter in element resistivity arises. 
50 The present inventors have intensively studied problems such as scatter in composition of M 1 M 2 0 3 obtained in the 
step before obtaining M 1 M 2 0 3 by the calcination, presence of the unreacted matter, etc. 

As a result, it has been found that the above drawbacks can be inhibited and the temperature accuracy becomes 
±10°C or less if the raw material of M 2 and that of M 2 are mixed and ground by using a medium stirring mill having a 
grinding capability higher than that of a ball mill and atomization is performed so that the average particle diameter of 
55 the raw material mixture (mixed grind) after mixing and grinding is adjusted to an average particle diameter which is not 
more than that of the raw material of M 1 and is not more than 0.5 jim. 

The method of producing the thermistor element of the present invention has been accomplished based on the 
above finding. 
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1) That is, in this invention, the raw material of M 2 and the raw material of M 1 are mixed and ground to adjust the 
average particle diameter of this mixed grind to an average particle diameter which is not more than that of the raw 
material of M 1 before mixing and is not more than 0.5 jim in the mixing step of mixing and grinding the raw material 
of M 2 and the raw material of M 1 . Thereafter, Iv^M 2 ^ is obtained by calcination, and the M^MPo^ and Y 2 0 3 are 

s then mixed. The mixture is molded into an article having a predetermined shape and then sintered. 

According to the present invention, since uniform mixing of the composition can be realized by uniform atomi- 

zation of the raw materials of M 1 and M 2 , reduction of scatter in composition of M 1 M 2 0 3 formed after calcination 

and inhibition of the existence of the raw material unreacted reaction matter can be realized. Therefore, scatter in 

resistivity of the thermistor element can be reduced. 
10 Accordingly, it is possible to provide a wide-range type thermistor element which realizes a sensor temperature 

accuracy better than a conventional level within the temperature range from room temperature to 1000°C (small 

scatter in temperature accuracy between sensors). 

When using those containing at least Y 2 0 3 as the raw material of M 1 , a thermistor element can also be 

obtained by mixing the raw material of M 1 and the raw material of M 2 , grinding the mixture, calcining the mixture to 
15 form a precursor having the same composition as that of the desired mixed sintered body M 1 M 2 0 3 • Y 2 0 3 , molding 

this precursor into an article having a predetermined shape, and sintering the article. 

The precursor is represented by M 1 M 2 0 3 • Y 2 0 3 , wherein Y 2 0 3 containing excess Y in an amount larger than 

a theoretical amount is combined with M 1 M 2 0 3 in the above M 1 M 2 0 3 (perovskite structure). Therefore, according 

to this production method, a mixed sintered body, i.e. thermistor element can be obtained by previously compound- 
20 ing the raw materials of M 1 and M 2 so that the composition of the desired mixed sintered body can be obtained 

without further adding Y 2 0 3 after calcination. 

2) In addition, according to the production method using precursors containing at least Y 2 0 3 , the above precursor 
is obtained by mixing the raw material of M 1 and the raw material of M 2 grinding the mixture to adjust the average 
particle diameter of this mixed grind to an average particle diameter which is not more than that of the raw material^ 

25 of M 1 before mixing and which is 0.5 jam or less, and calcining the mixed grind. 

Consequently, since uniform mixing of the composition can be realized by uniform atomization of the raw mate- 
rials of M 1 and M 2 reduction of scatter in composition of the precursor formed after calcination and inhibition of the 
existence of the raw material unreacted reaction matter can be realized. As a result, scatter in composition of the 
mixed sintered body having the same composition as that of the precursor can be reduced and the same effect as 

30 that of the above item 1) can be obtained. 

3) A method of mixing a raw material of M 2 with a raw material of M 1 , grinding the mixture to adjust an average par- 
ticle diameter of the mixed grind to an average particle diameter which is not more than that of the raw material of 
M 1 before mixing and is also not more than 0.5 nm, calcining the ground mixture to obtain M 1 M 2 0 3 , 

mixing M 1 M 2 0 3 obtained by the calcination with Y 2 0 3 , grinding the mixture to adjust an average particle 
35 diameter of the mixture after grinding to an average particle diameter which is not more than that of the raw material 
of Y 2 0 3 before mixing, molding the ground mixture into an article having a predetermined shape, and sintering the 
article is a combination of the above production method (B) and (C), and this method can reduce scatter in resis- 
tivity of the thermistor element to a higher level by a combination of the effects of both methods. 

4) Similarly, a method of using precursors containing at least Y 2 0 3 as a raw material of M 1 , mixing a raw material 
40 of M 2 with the raw material of M 1 ( grinding the mixture to adjust an average particle diameter of the mixed grind 

after grinding to an average particle diameter which is not more than that of the raw material of M 1 before mixing 
and is also not more than 0.5 ^m, calcining the ground mixture to obtain a precursor having the same composition 
as that of the mixed sintered body M 1 M 2 0 3 • Y 2 0 3 , 

grinding the precursor obtained by the calcination to adjust an average particle diameter of the precursor 

45 after grinding to an average particle diameter which is not more than that of the raw material Y 2 0 3 as the raw mate- 
rial of M 1 before mixing, molding the ground precursor into an article having a predetermined shape, and calcining 
the article is a combination of the above production method (B) and (C). According to this method, since the uniform 
mixing of M 1 M 2 0 3 and Y 2 0 3 can be realized and a variation in composition of the mixed sintered body can be 
reduced in the molding and sintering as the following step, by atomizing the precursor M 1 M 2 0 3 • Y 2 0 3 having the 

so same composition as that of the mixed sintered body to a level smaller than the average particle diameter of Y 2 0 3 
as the raw material of M 1 , scatter in resistivity of the thermistor element can be reduced. 

That is, according to this element, scatter in resistivity of the thermistor element can be reduced to a higher level. 
55 (Second aspect) 

The material of the above conventional thermistor element is a perfect solid solution having a perovskite type struc- 
ture. In case of a YCr0 3 perovskite type material, the valence of a Y ion of A site or Cr of a B site ion is controlled by 
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other element ions so as to optionally control the resistivity and resistivity temperature coefficient. The present inventors 
have considered that the crystal structure becomes unstable by increasing the substitution element ions according to 
this method and it is difficult to satisfy the resistance characteristics which are liable to be contrary to each other. 

Hence, the present inventors have decided to accomplish the above object by selecting the element capable of con- 
5 trolling the resistivity and resistivity temperature coefficient of a wide-range type thermistor element which can maintain 
the stability of the crystal structure and realize the stability of the resistivity even in the heat history, in a small amount 
to be substituted. 

1) The present inventors have tested and studied various perovskite materials. As a result, it has been found that 
io a novel composition M 1 (M 2 M 3 )0 3 (M 1 is at least one element selected from the elements of the groups II and IIIA 

excluding La in the Periodic Table, and M 2 and M 3 respectively represent at least one element selected from the 
elements of the groups IIB, HIB, IVA. VA, VIA, VIIA and VIII, wherein the relation of 1 < b < 0.1 is satisfied when a 
molar fraction of M 2 is a, a molar fraction of M 3 is b and a + b = 1 in M 1 (M 2 M 3 )0 3 ) is preferable as a material hav- 
ing resistivity characteristics which are suitable for accomplishing the above object. 

is Since La has high moisture absorption property, there is a problem that La reacts with water in the air to form 

an unstable hydroxide, which results in breakage of the thermistor element Therefore, La is not used as M 1 . 

This wide-range type thermistor element was incorporated into a temperature sensor and the resistivity char- 
acteristics of the element were examined. As a result, it could be confirmed that it is stable, that is, a change in 
resistivity is small even in the heat history from room temperature to 1000°C and the resistivity is from 60 to 300 kO 

20 within the temperature range from room temperature to 1 000°C. 

Therefore, according to the above invention, it is possible to provide a wide-range type thermistor element 
which can detect a temperature ranging from room temperature to high temperature of 1000°C and has stable 
characteristics, that is, a change in resistivity is small even in the heat history from room temperature to 1000°C. 

2) As a result of the study of the present inventors, regarding each element in the above perovskite compound 
25 M 1 (M 2 M 3 )0 3i M 1 is preferably at least one element selected from Y f Ce. Pr, Nd, Sm, Eu t Gd, Dy, Ho, Er, Yb, Mg, 

Ca, Sr, Ba and Sc, and M 2 and M 3 preferably represent at least one element selected from Ti t V, Cr, Mn, Fe, Co, 
Ni, Cu, Zn, Al, Ga, Zr, Nb, Mo, Zr, Hf, Ta and W, in view of practical use. 

3) Furthermore, it has been found that the above effect can be accomplished, more certainly, if the relation of 1 < 
b < 0.1 is satisfied when a molar fraction of M 2 is a, a molar fraction of M 3 is b and a + b = 1 in perovskite com- 

30 pound M 1 (M 2 M 3 )0 3 ) where M 1 is Y, M 2 comprises Cr and M 3 and M 3 is Ti, i.e., Cr(MnTi)0 3 . 

4) In the sintering of the above compound M 1 (M 2 M 3 )0 3 , a sintering auxiliary is added to improve the sintering prop- 
erty of the respective particles. As a result of the test and study of various sintering auxiliaries, it has been found 
that it is preferable to use a sintering auxiliary comprising at least one of CaO, CaCQ 3 and CaSi0 3 , and St0 2 in 
case of the sintered body of the invention of this aspect. Consequently, according to this aspect, a thermistor ele- 

35 merit having excellent sintering density in the above compound M 1 (M 2 M 3 )0 3 can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow chart illustrating a production step of a thermistor element of Example 1 of the present invention. 
40 Fig. 2 is a schematic diagram illustrating the thermistor element in Example 1 . 

Fig. 3 is a schematic sectional view illustrating a temperature sensor using the thermistor element of Fig. 2. 
Fig. 4 is a schematic sectional view illustrating a metal pipe of the temperature sensor of Fig. 3. 
Figs. 5 to 25 are flow charts illustrating respectively a production step of thermistor elements of Examples 2 to 1 1 
and 1 5 to 25 of the present invention. 

45 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First aspect) 
so (Fist embodiment) 

In the perovskite material M 1 M 2 0 3 of the present invention, the element M 1 can be selected, for example, from Mg, 
Ca, Sr and Ba of the group HA and Y Ce. Pr, Nd, Sm, Eu, Gd ( Dy, Ho, Er, Yb and Sc of the group IIIA excluding La. 

The element M 2 can be selected, for example, from Zn of the group IIB, A! and Ga of the group 1MB, Ti, Zr and Hf 
55 of the group IVA, V, Nb and Ta of the group VA Cr, Mo and W of the group VIA, Mn, Tc and Re of the group VIIA, and 
Fe, Co, Ni, Ru, Rh, Pd, Os, Ir and Pt of the group VIII. 

The production step of the mixed sintered body M 1 M 2 0 3 • Y 2 0 3 is roughly divided into a first preparation step of 
obtaining M 1 M 2 0 3 by calcination and a second preparation step of compounding the resulting M 1 M 2 0 3 and Y 2 0 3 to 
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form a mixed sintered body M 1 M 2 0 3 • Y 2 0 3 . to thereby obtain a thermistor element. 

In the first preparation step, M 1 M 2 0 3 can be obtained by compounding an oxide of M 1 , (M 1 O x ), and an oxide of M 2 , 
(M 2 O x ), as the raw materials of M 1 and M 2 (compounding 1), mixing and grinding the mixture (mixing step) and calcin- 
ing the ground mixture (e.g. at about 1000 to 1500°C, etc.) (calcination step). 
5 When M 1 is Y an oxide (M 2 Ox) which does not contain Y but contains only M 2 ( e.g. spinel compound 

(Mn<, 5 Cr., 5 )0 4 wherein M 2 are Mn and Cr, may be obtained even if YM^ 3 is not previously obtained in the first prep- 
aration step. 

In the second preparation step, the resulting M 1 M 2 0 3 or M 2 O x is compounded with Y 2 0 3 so that the desired resis- 
tivity and resistivity temperature coefficient are obtained (compounding 2). In the compounding of M 2 O x and Y 2 0 3 , the 
10 compounding is performed so that Y of Y 2 0 3 is incorporated into the M 2 O x site in the solid state to form a perovskite 
compound YM 2 0 3 in case of the sintering described hereinafter. 

In the compounding of IS/PM 2 ^ + Y 2 0 3 , or M 2 O x + Y 2 0 3 , an oxide of M 1 or M 2 or a double oxide of M 1 and M 2 (e.g. 
Ti0 2 , YTi0 3 , etc.) may be further compounded so that the desired resistivity and resistivity temperature coefficient can 
be obtained. Also, in this case, the compounding is performed so that M 1 or M 2 from these additives is incorporated into 
15 M 1 M 2 0 3 in the solid state to form a perovskite compound Iv^M 2 ^ in case of the sintering described hereinafter (e.g. 
at 1500°C or more). 

Then, a thermistor element of M 1 M 2 0 3 • Y 2 0 3 is obtained by grinding the compounded mixture M 1 M 2 0 3 + Y 2 0 3 (or 
M 2 O x + Y 2 0 3 ) (grinding step) to form a powder, incorporating a lead wire of Pt f etc., molding the powder into an article 
having a predetermined shape in a mold (molding step), and performing the above sintering (e.g. 1500°C or more, etc.) 
20 (sintering step). 

By the way, in the above second preparation step, the sintering density is further improved by adding a sintering 
auxiliary comprising at least one of CaO, CaC0 3 and CaSi0 3 , and Si0 2 to the mixture M 1 M 2 0 3 + Y 2 0 3 . Consequently, 
the resistivity of the thermistor element can be stabilized and scatter in resistivity with a variation in sintering tempera- 
ture can be reduced. 

25 The thermistor element thus obtained is a mixed sintered body prepared by uniformly mixing M 1 M 2 0 3 as the per- ' 
ovskite compound and Y 2 0 3 via grain boundaries. 

The resulting thermistor element is incorporated into a typical temperature assay to obtain a temperature sensor. 
Then, the temperature sensor was put in a high-temperature furnace and various characteristics such as resistivity, 
resistivity temperature coefficient p and change in resistivity A R in heat history from room temperature to 1000°C are 
30 measured within the range from room temperature (e.g. 27°C ( etc.) to 1000°C. 

P is represented by the equation: p (K) = ln(R/R 0 )/(1/K - 1/K 0 ) . In the equation, In represents a common loga- 
rithm, and R and R 0 respectively represent a resistivity of the thermistor element at room temperature (300K) and that 
at 1000°C (1273K) in air. In addition, the change in resistivity A R represents a change in resistivity of the temperature 
sensor in a high-temperature durability test wherein each temperature sensor is allowed to stand in the air at 1100°C 
35 for 100 hours, and is represented by the equation A R (%) = (R' t /R t ) x 100 - 100 . Incidentally, R t represents an initial 
resistivity at a predetermined temperature t (e.g. 400°C, etc., and R' t represents a resistivity at a predetermined tem- 
perature t after standing for a predetermined time. 

As a result, it could be confirmed that R t is from 50 to 1 00 kfi and p can be adjusted within the range from 2000 to 
4000K and, furthermore. A R can realize a level of about few %. 
40 In order to realize the above Rt range and respective values of p and A R, more certainly, the molar fractions a and 
b in aM 1 M 2 0 3 * bY 2 0 3 preferably satisfy the relations 0.05 ^ a < 1 .0, 0 < b ^ 0.95 and a + b = 1 . 

Therefore, according to this embodiment, it is possible to provide a wide-range type thermistor element which can 
detect a temperature ranging from room temperature to high temperature of 1000°C and has stable characteristics, that 
is, a change in resistivity is small even in the heat history from room temperature to 1000°C. 
45 Since the resistivity temperature coefficient p can be controlled to 2000-4000K smaller than that of a conventional 
thermistor element, scatter in resistivity with a variation in temperature can be reduced. 

This embodiment will be described in more detail by way of Examples 1 to 6 and Comparative Examples 1 to 2 
described hereinafter. 

so (Second embodiment) 

This second emDOdimerri provides a meihod of producing a miAeu Sinleieu uOuy iviVv'^Os - Y52C3, and i"iS3 first STnj 

second preparation steps, like the above first embodiment. Furthermore, the second embodiment has the following fea- 
ture, in addition to the above first embodiment. 
55 That is, in the above second preparation step, the average particle diameter of the resulting mixture is adjusted to 
an average particle diameter which is not more than that of Y 2 0 3 before mixing in the step of mixing and grinding 
M 1 M 2 0 3 or M 2 O x and Y 2 Q 3 (grinding step). Hereinafter, this aspect will be described, exclusively. 

The temperature accuracy of the temperature sensor made by incorporating the thermistor element of the above 
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first embodiment was examined. As a result, it has been found that the temperature accuracy varies with the sensor. 
The production method of this second embodiment is based on this finding. The evaluation of the temperature accuracy 
was performed as follows. 

That is. a standard deviation a (sigma) of the resistivity at a predetermined temperature (e.g. 350°C, etc.) is calcu- 
lated from resistivity-temperature data of a lot of temperature sensors (e.g. 100 sensors, etc.). Using 6 <j (standard devi- 
ation) as a scatter width (two sides), a value A obtained by dividing the value, calculated by this scatter width of the 
resistivity based on the temperature, by 2 is represented as "temperature accuracy ±A°(T and the accuracy is evalu- 
ated. As a result it has been found that the temperature accuracy ± A°C is ±20 to 30°C. 

On the other hand, the thermistor material was observed by SEM. EPMA, etc. As a result, it has been found that 
the average particle diameter (e.g. 2 to 5 ^m, etc.) of M 1 M 2 0 3 obtained after calcination in the first preparation step is 
larger than the average particle diameter (e.g. 2 or less, etc.) of Y 2 0 3 to be mixed and, therefore, both components 
are not uniformly mixed to cause scatter in composition distribution of the mixed sintered body in the above embodi- 
ment. 

Therefore, by changing the average particle diameter of mixtures M 1 M 2 0 3 + Y 2 0 3 , M 2 ^ + Y 2 0 3 , etc. after com- 
pounding and grinding in the second preparation step of the first embodiment, a relation between this average particle 
size and temperature accuracy +A°C was examined. As a result, it has been found that temperature accuracy ± A°C 
can be reduced to ±10°C or less if the average particle diameter of the above mixture is adjusted to the average particle 
diameter (about 1 .0 *im) of Y 2 0 3 before mixing. 

As a grinding means for reducing the average particle diameter, a medium stirring mill can be used. As a grinding 
means of the medium stirring mill, a ball (e.g. 1mm 0 or less, etc.) made of 2r0 2 can be used. 

Therefore, according to this second embodiment since uniform mixing can be realized by atomization of Ivl'M^ 
and Y 2 0 3 , or M 2 ^ and Y 2 0 3 and a variation in composition of the mixed sintered body M 1 M 2 0 3 • Y 2 0 3 can be 
reduced, scatter in the resistivity of the thermistor element can be reduced. 

Accordingly, it is possible to provide a wide-range type thermistor element which can realize a sensor temperature 
accuracy better than a conventional level within the temperature range from room temperature to 1000°C (a small scat- 
ter in temperature accuracy between sensors). 

The second embodiment will be described in more detail by way of Examples 7 to 14 described hereinafter. 

(Third embodiment) 

This third embodiment provides a method of producing a mixed sintered body M 1 M 2 Os • Y 2 0 3 , and has first and 
second preparation steps, like the above first embodiment, but differs from the above first embodiment in the following 
respect 

That is, the third embodiment is characterized by mixing and grinding the raw material of M 2 and raw material of M 2 
to adjust the average particle diameter of this mixed grind to an average particle diameter which is not more than that 
of the raw material of M 1 before mixing and is not more than 0.5 jim in the step of mixing and grinding the oxide of M 1 
(M and the oxide of M 2 (M 2 O x ) as the raw materials of M 1 and M 2 (mixing step) and calcining the mixed grind to 
obtain WM d O z alone or a precursor M 1 M 2 0 3 • Y 2 0 3 of the mixed sintered body. 

Accordingly, the method of producing the mixed sintered body M 1 M 2 0 3 • Y 2 0 3 in this embodiment includes two pro- 
duction methods wherein the calcined matter obtained in the first preparation is a precursor M 1 M 2 0 3 • Y 2 0 3 having the 
same composition as that of the mixed sintered body, or M 1 M 2 Oa alone. The former is a first production method 
whereas the latter is a second production method. 

As described above, the precursor M 1 M^0 3 • Y 2 0 3 is that wherein Y 2 0 3 containing excess Y in an amount larger 
than a stoichiometric amount (theoretical amount) is combined with M 1 M 2 0 3 in the above M 1 M 2 0 3 (perovskite struc- 
ture), and has the same composition as that of the desired mixed sintered body. 

There are some overlapped portions between this third embodiment and the above first embodiment. Therefore 
the different portion will be described, exclusively. 

According to the first production method, in the first preparation step, those containing at least Y 2 0 3 as the raw 
material of M 1 and an oxide of M 2 (WO*) as the raw material of M 2 are compounded, mixed, ground and then calcined 
(e.g. 1000 to 1500°C. etc.) to obtain a precursor IS/l 1 M 2 0 3 • Y 2 0 3 . 

In case of the above mixing and grinding (mixing step), the average particle diameter of the mixed grind after grind- 
ing is adjusted to an average particle diameter which is not more than that of the raw material of M 1 before mixing and 
is not more than 0.5 nm by using a medium stirring mill described in the above second embodiment, and then the mixed 
grind is calcined to obtain a precursor. 

Thereafter, in the second preparation step, the above precursor is compounded to the desired amount. After grind- 
ing and incorporating a lead wire of Pt the precursor is molded into an article having a desired shape and then calcined 
(e.g., at 1500°C or higher) to obtain a thermistor element of a mixed sintered body M*M*O z * Y 2 0 3 . 

According to the second production method, in the first preparation step, an oxide of M 1 (M'cg and an oxide of M 2 
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(M 2 O x ) as the raw materials of M 1 and M 2 are compounded, mixed, ground and then calcined (e.g. at about 1000 to 
1500°C, etc.) to obtain M 1 M 2 0 3 . 

In case of the mixing and grinding (mixing step), the average particle diameter of the mixed grind after grinding is 
adjusted to an average particle diameter which is not more than that of the raw material of M 1 before mixing and is not 
5 more than 0.5 jim by using a medium stirring mill described in the above second embodiment. 

Thereafter, in the second preparation step. M 1 M 2 0 3 and Y 2 0 3 are compounded in a desired amount and then 
treated in the same manner as in the first production method to obtain a thermistor element of a mixed sintered body 

M 1 M 2 0 3 'Y 2 0 3 . - 
Consequently, since uniform mixing of the composition is realized by uniform atomization of the raw materials of M 
to and M 2 , reduction of a variation in M 1 M 2 0 3 formed after calcination and a mixed sintered body and inhibition of the 
existence of the unreacted raw material can be realized and scatter in the resistivity of the thermistor element can be 
reduced 

Accordingly, it is possible to provide a wide-range type thermistor element which can detect a temperature ranging 
from room temperature to high temperature of 1000°C and has stable characteristics, that is. a change in resistivity is 
15 small in the heat history from room temperature to 1 000°C. 

In the first and second production methods, the grinding in the grinding step of the second preparation step may be 
grinding using a ball mill, but may also be performed by using a medium stirring mill, as in the second embodiment. 

That is, in the first production method, the precursor obtained by the calcination is mixed and ground to adjust the 
average particle diameter of the precursor after grinding to an average particle size which is not more than that of Y 2 0 3 
20 before mixing in the first preparation step. On the other hand, in the second production method, M M 0 3 obtained by 
the calcination and Y 2 0 3 are mixed and ground to adjust the average particle diameter of the precursor after grinding 
to an average particle size which is not more than that of Y 2 0 3 before mixing. 

Consequently, in the molding and calcining step as the post step of the grinding step, uniform mixing of M M 0 3 
and Y 2 0 3 is performed, in addition to the above-described effect of the third embodiment of the present invention, and 
25 a variation in composition of the mixed sintered body is reduced. Therefore, scatter in the resistivity of the thermistor 
element can be reduced. 

Accordingly, scatter in resistivity of the thermistor element can be reduced to a higher level in comparison with the 
method of the second embodiment of the present invention, thereby making it possible to provide a wide-range type 
thermistor element with good sensor temperature accuracy (a small scatter in temperature accuracy between sensors). 
30 The temperature sensors using the wide-range type thermistor elements of the second and third embodiments of the 
present invention are suitable for use in map control devices to which high temperature accuracy is required, e.g. a tem- 
perature monitor for an oxygen sensor for automobile exhaust gas. etc. because the temperature accuracy is controlled 
within ±10°C or less. 

The third embodiment of the present invention will be described in more detail by way of Examples 15 to 20 and 
35 Comparative Example 3 described hereinafter. 

The above first embodiment, second embodiment and third embodiment of the present invention will be described 
in more detail by way of the following Examples 1 to 6 and Comparative Examples 1 and 2, Examples 7 to 14, and 
Examples 15 to 20 and Comparative Example 3, respectively, but the above respective embodiments are of course not 
limited to these Examples and Comparative Examples. 



40 



(Second aspect) 



The second aspect of the present invention will be described by way of the embodiment shown in the figure. 

In the perovskite material M 1 (M 2 M 3 )0 3 of the present invention, the element of M 1 can be selected, for example. 
45 from Y, Ce. Pr, Nd. Sm, Eu, Gd, Dy, Ho. Er, Yb, Mg, Ca, Sr, Ba and Sc. The elements of M 2 and M 3 can be selected, for 
example, from Ti, V, Cr. Mn, Fe. Co, Ni, Cu, Zn, Al, Ga, Zr, Nb, Mo, Zr, Hf. Ta and W. 

In this embodiment, a wide-range thermistor element is produced by grinding this M 1 (M 2 M 3 )0 3 ) to form a powder, 
incorporating a lead wire of Pt. etc., molding the powder into an article having a predetermined shape, and sintering the 
article 

so The resulting thermistor is incorporated into a typical temperature assay to obtain a temperature sensor. Then, the 
temperature sensor was put in a high-temperature furnace and various characteristics such as resistivity, resistivity 
x * n a «w rhanno in rPRistivitv a R in heat historv from room temperature to 1000°C are measured 

lCllip«)UtWiVi wwu<iiv>«>» c — -- . 

within the range from room temperature (e.g. 27°C, etc.) to 1000°C. 

p is represented by the equation: p (K) = In (R/R 0 )/(1/K - 1/K 0 ) . In the equation, In represents a common loga- 
55 rithm, and R and R 0 respectively represent a resistivity of the thermistor element at room temperature (300 K) and that 
at 1000°C (1273K) in the air. In addition, the change in resistivity A R represents a change in resistivity of the temper- 
ature sensor in a high-temperature durability test wherein each temperature sensor is allowed to stand in the air at high 
temperature (e.g. 1100°C, etc.) for a predetermined time (e.g. 100 hours, etc.). and is represented by the equation 
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tinS^*' 1 '^* 100 ' 100 • lncidentaM * R « represents an initial resistivity at a predetermined temperature t (e g 
400 C. etc., and R, represents a resistivity at a predetermined temperature t after standing for a predetermined time 

MWlXT '"I'^r,^ 6 T B 3bOVe r6SpeCtive characteristics of the thermistor elements using various 

5 E J 11, ?*Z 3 k SenSOrS a resu * rt tes be en found that if b satisfies the relation: 0 < b < 0.1 when a 
5 is a molar fraction of M 2 , b ,s a molar fraction of M* and a and b satisfies the relation: a + b = 1 . it is possible to proSle 

l^FZtT * T'^T * ^ ^ 3 temperature ^ *>m room temperatureTa high teC 
STe to charactenst.es. that is. a change in resistivity is smal. in the heat history from roomiem- 

w rm-^^Z^™" b ! d8 ? C S d iP T d6tail by W3y * Examples 21 to 25 with respect to the compound 
ff(S)S 3 Y(CrMnTi) °3 where '" * is Y. M 2 represents Cr and Mn. and M 3 is Ti. as the perovskite compound 

reorL^?! = * Z^J 03 * represented as YttCrMnJ.TlJQs. a mo. fraction of the total of Cr and Mn is 

Z S^litln f T 27* ' S represented as b and a + b = 1 . Then, the production is performed by changing 

,5 lomnn^ o^h i ^ "f* 0 ™ 3 and b 38 Sh0Wn in ***** in various resistance characteristics in eacS 
rs composrtion of the thermistor elements of the figures are listed. 

Examples 
(Example 1) 

20 

, Z" ? Bn £r 1 ■ a ^ miXed Sintered body 01 Y ( Cr o.5Mno.5)0 3 • Y 2 0 3 is obtained from Y(Cr 0 5 Mn 0 s)0 3 . wherein Y was 
selected as M 1 and Cr and Mn were selected as M 2 in M'M^, and Y 2 0 3 

A flow chart illustrating a production step of the thermistor element of Example 1 is shown in Fig 1 This oroduction 
2SiET? int ° 3 ,ir * preparation -P fr ° m compounding 1 to foZion of Y(Cr 0 5 Mn^)0 3 id 

Tn Z S2E!T ^j^T* ? e : esultin 9 ^cro^o, and y 2 o 3 to common <* f&X** 

M JTiS th P I** Y2 ° 3, Cr2 ° 3 ^ Mn2 ° 3 (purity * a " components is not less than 99.9%) are first pre- 

pared and then weighed so that a molar ratio Y:Cr:Mn becomes 2:1 :1 to make 500 g as the total amount (compounSng 

Up. I*?" **** (V °'^ e: 5 Y,t "} ****** or ^ P 6 *'^ having a diameter of 1 5 mm0 (2.5 kg) and peb- 
0 ri n h l mm S {2 S ^ 38 3 ba " mi " to miX *•«• wei9hed ^stances, the total amount of Y^. 
wlf r 3 th? m 3 9 J? me 0rder to mix these weiahed substances. After adding 1500 cc of purified 
water, the mixture was mixed at 60 rpm for 6 to 1 2 hours (mixing step) purmeo 

ina rth i ^fl ry ^I 2 ? 3 ' Cr2 ° 3 Mn2 ° 3 ° bteined aft6r 3 mbdn9 treatment is transferred to a porcelain evaporat- 

35 nri S'f, A + b/ u 5 " 19 3 h0t " 3 ' r dryet 3t 1 50 ° C for 12 hours or ™" to °°tain a mixed solid of Y 2 0 3 , Cr 2 0 3 

™ hw 2 ^ ^"^^ th ' S m ' Xed SO "' d iS rou9hly 9round b * ^ a chaser mill and passed through a siwe (# 30 
mesh) to obtain a mixed powder of Y 2 0 3 . Cr 2 0 3 and Mn 2 0 3 . 1 

t^lt 6 calcinat, ' on f ep '. this mixed P° wder is charged in a crucible made of 99.3% Al 2 0 3 and then calcined in a high- 
temperature oven ,n the air at 1100 to 1300°C for 1 to 2 hours to obtain Y(Cr 0 JAn 0 5 )O a Y(Cr„ s Mn„,)C~as a bulk 

<o SSnlSSi. Ca ' Cinati0n ^ rOU9h ' y 9r ° Und ^ US ' ng " ChaS6r ^ 

us JTS™ nill^ ShC T S r6SiS !i. Vi,y 3nd 3 ' OW r6SiStivity temperature coefficient at 1000 to 4000K when 
^ therm IS tor material. As a wide-range type thermistor material, this Y(Cr 0 5 Mn 0 5)0 3 and Y 2 0 3 as mate- 
rials for stabilizing the resistivity of the thermistor, are used 

ture SiSSr?^^ ^ PUrP °u 6 * ° btaini " 9 3 d6Sired reSSliVity and 3 desired resistivi * tem P era - 

rnmn™!l ' Y( ° r ° 5 , Mn ° s )0 3 "* commercially available Y 2 0 3 (purity: 99.9% or more) are first weighed so that a 

^S^!S^^S^ Y i &0 ^ 5) ° 3 3nd Y2 ° 3 beC ° meS 38 62 " to make 500 9 as •"J** amount 

When the molar fraction of YfCro.gMno.sJOa and that of Y 2 0 3 are a and b (a + b = 1 ). respectively a and b corre- 
spond to the above compounding molar ratio and. therefore, a = 0 38 and b = 0 62 res P ectlve, fc a and b corre- 

leso'-cTeu^Tff ' Si ° 2 3 t Ca ^. which are converted into a liquid phase within the range from 1500 to 
1650 C. are used as a sintering auxiliary and Si0 2 and CaCCv, are added in an amount of 3% by weiqht and 4 5% bv 

""Tn *!T °" *" ^ ^ (5 °° 9) ° f «" Y < Cr ° * M »o s)0 3 and Y 2 0 3 K^ng 2) 
In rthe following grinding step (mixing/grinding in the figure), the above Y(Cr 0 gMnn 5 )0 3 , Y 2 O a SioTand CaCO, are 

hSn J^i ^tTo e ;i' ,ter) COnt3inin9 M *°* ° r Zr ° 2 pebbles h^diamlrof 15 %% SkTaSpSbS 
hav,ng a diameter of 20 0 (2.5 kg), in order to mix these weighed substances. After adding 1500 cc of^urifieS water 
the mixture was mixed at 60 rpm for 4 or more hours and then ground 

Y oTZJUZZ ? m" 0 Step ' POlyvi 4 nyl alcoh01 ( PVA > as a bind ^ is added to the solid content of Y(Cr 0 5 Mno ^O, and 

A mfx^l 9 ^ w? 9 ° f T P °"* r ° f Y(Cr ° sMn ° 5)03 and Y2 °3 *«• mixi "9. *1 S grinding. 
A mixed ground slurry of Y(0 0 .sMno.5)Q3 and obtained after mixing and grinding is granulated and dried by 
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using a spray dryer to obtain a mixed powder of Y(Cr a5 Mn 05 )O 3 and Y 2 0 3 . This mixed powder is used as a thermistor 
raw material. 

In the following molding step (molding), using this thermistor raw material and a lead wire (material: Pt100 (pure 
platinum)) having a size of 0.3 mm0 in outer diameter x 10.5 mm in length, the lead wire is inserted and the thermistor 
raw material is molded in a mold having an outer diameter of 1.74 mm0 under a pressure of about 1000 kgf/cm to 
obtain a molded article of a thermistor element (provided with a lead wire) having an outer diameter of 1 .75 mm0 . 

In the sintering step, the molded article of the thermistor element is arranged on a corrugated setter made of Al 2 0 3 
and then sintered in the air at 1400 to 1 600°C for 1 to 2 hours to obtain a thermistor element having an outer diameter 
of 1 .60 mm0 of a mixed sintered body aY(Cr 0 5 Mn 0 5)63 • bY 2 0 3 . 

The resulting thermistor element 1 is shown in Fig. 2. The respective ends of two parallel lead wires 11, 12 are 
embedded in a cylindrical element portion 13 having an outer diameter of 1.60 mm0 . This thermistor element 1 is 
incorporated into a typical temperature sensor shown in Fig. 3 and Fig. 4 to give a temperature sensor. 

The thermistor element 1 is disposed in a cylindrical heat-resistant metal case 2, as shown in Fig. 3. The lead wires 
1 1 12 are respectively connected to lead wires 31 , 32 which pass through a metal pipe 3. As shown in Fig. 4, the metal 
pipe 3 is filled with a magnesia powder 33 to secure the insulating properties of the lead wires 31 , 32 in the metal pipe 
3. In such way. the temperature sensor is constructed. 

In this Example, Examples 2 to 20 and Comparative Examples 1 to 3, thermistor elements and temperature sen- 
sors to be made have the same structure as that of thermistor elements and temperature sensors shown in Fig. 2 to 
Fig. 4 and the description will be omitted. Incidentally, the material composition of a mixed sintered body constituting 
the element portion 13 varies with each Example, as a matter of course. 

Furthermore, in the above second preparation step, Y(Cr a5 Mno.5)03 and Y 2 0 3 are weighed so that a compound- 
ing molar ratio Y(Cr 0 5 Mn 0 5 )0 3 :Y 2 0 3 becomes 95:5 and 5:95. Then, a thermistor element is made in the same proce- 
dure as described above and is incorporated into a temperature sensor. The respective elements of this Example are 
referred to as an element No. 1. an element No. 2 and an element No. 3 in the sequence of the compounding molar 
ratio (corresponding to a:b) of Y(Cr 0 .5Mno.5)0 3 and Y 2 0 3 , e.g. 38:62. 95:5 and 5:95. 

The temperature sensors made by incorporating the elements No. 1 to No. 3 were put in a high-temperature oven 
and temperature characteristics of the resistivity were evaluated within the range from room temperature (27°C) to 
1000°C. The evaluation results are shown in Table 1. 



Table 



< Example 1 > 




No. 


Raw material composition 
(mol %) 


Resistivity (kn ) 


Resistivity tempera- 
ture coefficient (K) 


Change in resis- 
tivity (%) 




Y(Cr 0 .5Mno.5)0 3 


Y 2 0 3 


Room tempera- 
ture (27°C) 


1000°C 






1 


38 


62 


50 


0.14 


2450 


-5.0 


2 


95 


5 


30 


0.10 


2240 


-4.0 


3 


5 


95 


100 


0.20 


2440 


-4.0 



As shown in Table 1, the wide-range type thermistor element of Example 1 shows low resistivity of 50 to 100 kn 
required as a temperature sensor within the range where the molar fraction (a + b = 1 ) of aY(CrMn)0 3 • bY 2 0 3 satisfy 
the relations: 0.05 si a < 1 and 0 < b * 0.95, and also shows a resistivity temperature coefficient p of 2000 to 4000K, 
and it is possible to widely control the resistivity and resistivity temperature coefficient. Therefore, it is possible to detect 
a temperature ranging from room temperature to high temperature of 1000°C. 

As is apparent from the results of the high-temperature durability test (change in resistivity), a wide-range type ther- 
mistor material having stable characteristics (e.g. small change in resistivity), etc.) can be provided. 

(Examjji« 2) 

In Example 2, a mixed sintered body of Y(Cr 0 5 Mno.5)0 3 * Y 2 0 3 is obtained from (Mn 1 5 )0 4 and Y 2 0 3 . In this 
Example, since Y of Y 2 0 3 is incorporated into (M^ , 5 Ct^ 5 )O a in the solid state. Y is selected as M 1 and Cr and Mn are 
selected as M 2 in M 1 M 2 0 3 . . 

A flow chart illustrating a production step of the thermistor element of Example 2 is shown in Fig. 5. This production 
step is roughly divided into a f irst preparation step from compounding 1 to formation of (Mn^sC^ 5 )0 4 , and a second 
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preparation step from compounding (compounding 2) of the resulting (Mn, gCr, s)0 4 and Y 2 0 3 to completion of a ther- 
mistor element. 

In the first preparation step. Cr 2 0 3 and Mn 2 0 3 (purity of ail components is not less than 99.9%) are first prepared 
and then weighed so that a molar ratio Cr:Mn becomes 1 :1 to make 500 g as the total amount (compounding 1). 

Subsequently. Cr 2 0 3 and Mn 2 0 3 as compounded are subjected to a treatment such as mixing, drying, grinding, fir- 
ing, etc. in the same manner as in Example 1 to obtain (Mn 15 Cr 1>5 )04. Then, (Mn^gC^ $0 4 is roughly ground and 
passed through a sieve (# 30 mesh) to obtain a powder. As a wide-range type thermistor material, this (Mn 1 5 Cr 1 5 )0 4 
and Y 2 0 3 as a material for stabilizing the resistivity of the thermistor are used. 

In the second preparation step, for the purpose of obtaining the desired resistivity and resistivity temperature coef- 
ficient, (Mr^ 5 Cti 5 )0 4 and Y 2 0 3 are first weighed so that a compounding molar ratio of (Mn 1 5 Cr 1 5 )0 4 and Y 2 0 3 
becomes 1 4:86, to make 500 g as the total amount. In the same manner as in Example 1 . a sintering auxiliary is added 
(compounding 2). 

Subsequently, (Mn, s Cr A 5 )0 4 + Y 2 0 3 + Si0 2 + CaC0 3 as compounded are mixed, ground, granulated, dried, 
molded and sintered in the same manner as in Example 1 to obtain a thermistor element having Y(Cr 0 gMriQ s)0 3 and 
Y 2 0 3 as an element portion, which is then incorporated into a temperature sensor. 

Furthermore, in the above second preparation step. (Mnj 5 Cr 1 ^0 4 and Y 2 0 3 are weighed so that a compounding 
molar ratio of (Mn-, 5 Cr 15 )0 4 and Y 2 0 3 becomes 38:62 and 3:97. Then, a thermistor element is made in the same pro- 
cedure as described above and is incorporated into a temperature sensor. The respective elements of this Example are 
referred to as an element No. 4, an element No. 5 and an element No. 6 in the sequence of the compounding moiar 
ratio of (Mn 15 Cr 1 5)0 4 and Y 2 0 3 , e.g. 14:86, 38:62 and 3:97. 

As described above, in this Example. Y of Y 2 0 3 is incorporated into (Mn^Cr! s)0 4 in case of mixing and sintering 
and excess oxygen atoms are liberated in the air. As a result, aY(Cr 0 5 Mno 5)0-3 *bY 2 0 3 as a mixed sintered body of 
perovskite type Y(Cr 0 . 5 Mn 0 .5)O 3 and Y 2 0 3 is obtained. 

Therefore, the ratio of the molar fraction a:b of aY(Cr 0 . 5 Mn 0 . 5 )O 3 • bY 2 0 3 in this Example is slightly large- than a 
compounding molar ratio of the above (Mn 15 Cr v5 )0 4 and Y 2 0 3 . For example, even if the compounding molar ratio is 
3:97. a ^ 0.05 and b =i 0.95. This fact has already confirmed by the examination of the composition and construction of 
the mixed sintered body by using SEM. EPMA, etc. 

Then, the temperature sensors made by incorporating the elements No. 4 to No. 6 were put in a high-temperature 
oven and temperature characteristics of the resistivity were evaluated within the range from room temperature (27°C) 
to 1000°C in the same manner as in Example 1 . The evaluation results are shown in Table 2. 



Table 





< Example 2 > 


No. 


Raw material composition 
(mol %) 


Resistivity (kQ ) 


Resistivity tempera- 
ture coefficient (K) 


Change in resis- 
tivity (%) 




(Cr 15 Mn 15 )0 4 


Y 2 0 3 


Room temperature 
(27°C) 


1000°C 






4 


14 


86 


60 


0.15 


2350 


-7.0 


5 


38 


62 


40 


0.11 


2300 


-5.0 


6 


3 


97 


100 


0.22 


2400 


-5.0 



As shown in Table 2, the wide-range type thermistor element of Example 2 can realize the same effect as that 
described in Example 1 within the range where the molar fraction (a + b = 1 ) of aY(Cr 0 5 Mrio 5 )0 3 • bY 2 0 3 satisfy the 
relations: 0.05 s a < 1 and 0 < b s 0.95. 



(Example 3) 

In Example 3. a mixed sintered body of Y(CrMnTi)0 3 and Y 2 0 3 is obtained from Y(Cr 0 5 Mn 0 5 )0 3 and Y2Q,. 
Y(CrMnTi)0 3 has a perovskite structure and the composition ratio of each atom is a stoichiometric ratio, e.g. 
YfCro.AsM^.AsTio.OQj. The same rule applies correspondingly to the following each Y(CrMnTi)0 3 . 

In this Example, since Ti of Ti0 2 is incorporated into Y(Cr 0 5 Mn 0 5)03 in the solid state in case of mixing and sin- 
tering, Y is selected as M 1 and Cr, Mn and Ti are selected as M 2 in lvi 1 M 2 0 3 . 

A flow chart illustrating a production step of the thermistor element of Example 3 is shown in Fig. 6. This production 
step is roughly divided into a first preparation step from compounding 1 to formation of Y(Cr 0 . 5 lv1n 0 5 )0 3 , and a second 
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10 



15 



20 



preparation step from compounding (compounding 2) of the resulting Y^n^O,. Y 2 0 3 and Ti0 2 to completion of 

3 ^TetsttreTalon step is the same as that of Examp.e 1 and is omrtted in this Example. As a wide-range type 
thereto! ^mS of ?his Example, this Y(Cr 05 Mn 0 . 5 )O 3 , Y 2 Q 3 as a material for *U«ng the res.strvrty of the ther- 

is added (cornpouridlng 2). + TiO? + SiCh + CaCO, are compounded, rrtad. ground, granulated, 

dried^^id^ 

of YfCr„ «Mn n OOvY,0 3 in the compounding ratio. In this connection, afc (a + b = 1 ) of the element no. r. max ot me 

oven^CSre characteristics of the resists were evaluated v*hin the range ^ on .room temperature (27 C) 
to 1 000«C in the same manner as in Example 1. The evaluation results are shown .n Table 3. 



25 



30 



35 



40 



Table 



(Example 3 > 




No. 


Raw material composition (mol %) 


Resistivity (kO ) 


Resistivity tem- 
perature coeffi- 
cient (K) 


Change in resis- 
tivity (%) 




Y(Cr 0 5 Mn 0 .5)O3 


Y 2 0 3 


Ti0 2 


Room tempera- 
ture (27°C) 


1000°C 






7 


37 


59 


4 


50 


0.16 


2250 


-5.0 


8 


87 


5 


8 


30 


0.10 


2240 




9 


5 


94.5 


0.5 


100 


0.18 


2480 


-4.0 



As shown in Table 3. the wide-range type thermistor element - » « ^ 

described in Example 1 within the range where the molar fract.on (a + b - 1 ) of aY(CrMnTi)0 3 bY 2 0 3 satsty 
tions: 0.05 ^ a < 1 and 0 < b s 0.95. 



45 



50 



55 



(Example 4) 

step is rough., dMded «. a M preparation step from confounding K ^ m ^ on °' oonSSn oU 

arationstepfrontce^^ 

tnermtstor eiemenv cmua u m w k ,c k u,uuw ' * — « — - 

„ ._ r rafio nf Y . r . becomes 1 1 to make 500 g as the total amount (compounding 3). 

8 m U 3 s £t '^X^'s)!^^ A. 2 G 3 or ZrQ 2 pebbles having a diameter of 15 0 (2.5 Kg) andpebb^s 
having a diameter of 20 0 (2.5 kg) as a ball mill to mix these weighed substances, the total amount of Y 2 Q 3 and T10 2 
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w 



15 



20 



25 



30 



In the calcination step, this mixed powder is charged in a crucible made of <*}■**. ai n a „n «.„ . • ... 
temperature oven in the air at 1 100 to 1300°C for 1 to 2 hourMo obt™ ™ fhu ^ 
calcination was roughly ground by using a chaser mil and passed ES^SJJSo ^ESSln^S *" 

As a wide-range type thermistor material of this Example Y(Cr„?Mnl £ nhLn .-^ P °" d8r 
Y 2 0 3 and YTiOg (additive) are used «=xamp.e, Y(Cr 05 Mno. 5 )0 3 obtained in the first preparation step, 

Furthermore, in the above second preparation steo YfCrn c Mn« v n vnn . ■ 

pounding ratio of Wo**^*^ becomes aS^ sS' 7 0^ ^S55S22i^ 3 ST 
the same procedure as described above and is incoroorated into a h-™^™' a .j herm,sto r element is made in 
Example are referred to as an element M^oTIES^^ elements of this 

ratio Y(Cr 0 . 5 Mno. 5 )03:Y 2 0 3 :>ai03, e.g. 37:60:3. 87:6:3 and 5 ^3 SeQUenCe " the m °' ar 

In each element of Example 4, since incorporation of Y and Ti of Ynn ; n *k« c«ivj 
above, the molar fraction (a b) of aYfCrMnTnO > .hY o Z , 1 , 3 mihesoM arises, as described 
wrv m„ m v • ; aY(orivinri)O 3 -bY203 in each element is slightly laraer than a ratin 

Y(Cro^Mn 0 5 )03:Y 2 0 3 in the compounding molar ratio, but is almost the same 

Then, the temperature sensors made by incorporating the elements No 10 to No 1? ^ u . 

ture oven and temperature characteristics of the raMvtty were^uated" wlTn i T P hl 9 h " te »^era- 
(2TOC) to 1000-C in the same manner as in Example 1. Tile 



35 



40 



45 



55 



No. 



Raw material composition (mol %) 



< Example 4) 
Resistivity (kQ ) 



Resistivity tem- 
perature coeff i 
cient (K) 



Change in resis- 
tivity (%) 




tions: 0.05 ^ a < 1 and 0 < b s 0.95. ; arionvin 1 i;o 3 • bY 2 0 3 satisfy the rela- 

so (Example 5) 

this ™In 5 ce%" «2 ^If** Y2 ° 3 " ™ 2 - 

and sintering. Y is selected as M 1 and C, Mn* ana tZ^T^^Q" ** B ° M *"* h ~ « ™ ir * 

A,,<wcn artillustratingaprc<iuctionstepofthemermistorelemertofExarTO^^ ^ . 

step ,s roughly divided into a first preparation step from compound^ V to tfZ C^lO^f , 
preparation step from compounding (compounding 2) of theTesulting (Mn? S )0 y o l£ Tr^ 4 V* 00 ™ 1 
a thermistor element e&u,ung ^"15^1.5)04, Y 2 0 3 and TiQ 2 to completion of 



3DOCIO; <EP__0866472A2_I > 



14 



EP 0 866 472 A2 



The first preparation step is the same as that of Example 2 and is omitted in this Example. As a wide-range type 
thermistor material of this Example, the above (Mn 1 . 5 Cr 1 5)0 4 . Y 2 0 3 and Ti0 2 (additive) are used. 

In the second preparation step, for the purpose of obtaining desired resistivity and resistivity temperature coeffi- 
cient, (Mn 1 gCr! 5 )0 4 . Y 2 0 3 and Ti0 2 are first weighed so that a compounding molar ratio of (Mn 1 5 Cr 1 s)0 4 , Y 2 0 3 and 
5 Ti6 2 becomes 1 2:84:4, to make 500 g as the total amount In the same manner as in Example 1 , a sintering auxiliary 
is added (compounding 2). 

Subsequently, (Mn^ .sCr^sJC^ + Y 2 0 3 + Ti0 2 + Si0 2 + CaC0 3 are compounded, mixed, ground, granulated, dried, 
molded and calcined in the same manner as in Example 1 to obtain a thermistor element having Y(CrMnTi)0 3 • Y 2 0 3 
as.an element portion, which is then incorporated into a temperature sensor. 

10 > Furthermore, in the above second preparation step. (Mn 1 sC^ 5 )0 4 , Y 2 0 3 and Ti0 2 are weighed so that a com- 
pounding molar ratio of (Mn-, 5 Cr 1 5 )0 4i Y 2 0 3 and Ti0 2 becomes 36:61 :3 and 4:95.7:0.3, Then, a thermistor element is 
made in the same procedure as described above and is incorporated into a temperature sensor. The respective ele- 
ments of Example 5 are referred to as an element No. 13, an element No. 14 and an element No. 15 in the sequence 
of the compounding molar ratio (M^ gC^ 5)0 4 :Y 2 0 3 : Ti0 2 . e.g. 12:84:4, 36:61:3 and 4:95.7:0.3. 

75 As described above, in Example 5. Y of Y 2 6 3 and Ti of Ti0 2 are incorporated into (Mn 1 5 Cr 1 s)0 4 in the solid state 
in case of mixing and sintering and excess oxygen atoms are liberated in the air. As a result, aY(CrMnTi)0 3 • bY 2 0 3 as 
a mixed sintered body of perovskite type Y(CrMnTi)0 3 and Y 2 0 3 . 

Therefore, the ratio of the molar fraction a:b of aY(CrMnTl)0 3 •bY 2 0 3 in Example 5 is slightly larger than a com- 
pounding molar ratio of the above (M^ sC^ 5 )0 4 :Y 2 0 3 . For example, even if the compounding molar ratio is 4:95.7, a 

20 £ 0.05 and b ^ 0.95. This fact has already confirmed by the examination of the composition and construction of the 
mixed sintered body by using SEM, EPMA, etc. 

Then, the temperature sensors made by incorporating the elements No. 13 to No. 15 were put in a high-tempera- 
ture oven and temperature characteristics of the resistivity were evaluated within the range from room temperature 
(27°C) to 1000°C in the same manner as in Example 1 . The evaluation results are shown in Table 5. 

25 



Table 



(Example 5) 


No. 


Raw material composition (mol %) 


Resistivity (kn ) 


Resistivity tem- 
perature coeffi- 
cient (K) 


Change in resis- 
tivity (%) 




(CrLsMn^sJCU 


Y 2 0 3 


Ti0 2 


Room tempera- 
ture (27°C) 


1000°C 






13 


12 


84 


4 


60 


0.15 


2350 


-5.0 


;14 


36 


61 


3 


40 


0.11 


2300 


-4.0 


15 


4 


95.7 


0.3 


100 


0.22 


2400 


-4.0 



40 

As shown in Table 5, the wide-range type thermistor element of Example 5 can realize the same effect as that 
described in Example 1 within the range where the molar fraction (a + b = 1 ) of aY(CrMnTi)0 3 • bY 2 0 3 satisfy the rela- 
tions: 0.05 s a < 1 and 0<b§ 0.95. 

45 (Example 6) 

In Example 6. a mixed sintered body of Y(CrMnTi)0 3 • Y 2 0 3 is obtained from (M^ gC^ 5 )0 4 , Y 2 0 3 and YTi0 3 . In 
this Example, since Y and Ti of YT10 3 are incorporated into (Mn 15 Cr 15 )0 4 in the solid state in case of mixing and sin- 
tering. Y is selected as M 1 and Cr, Mn and Ti are selected as M 2 in M 1 M 2 0 3 . 
so A flow chart illustrating a production step of the thermistor element of Example 6 is shown in Fig. 14. This produc- 
tion step is roughly divided into a first preparation step from compounding 1 to formation of (M^ ^Cr-, s)0 4 , a second 

- ~a t — — ~~ ~. >w j:m M 0\ tha raenltinn /Mn . -dr. _\H . V_0- aruH VTIO- tr» nnmnlAtinn r\i 

|JI Gpai «UWI I gigp II WM I Wl I Ijt/VWi (Mil ijj \WWI ■ ^*wwi w. .g w. *■ - — ~ — J \ I .O ~ " I .^JJ ~ «+' " C — o " •? 1 -• 

a thermistor element and a third preparation step of obtaining YTi0 3 to be fed to the second preparation step (from 
compounding 3 to YTi0 3 in the figure). 
55 The first preparation step is the same as that of Example 2 and is omitted in this Example. As a wide-range type 
thermistor material of this Example. (Mn., 5 Cr^ 5 )0 4 obtained in the first preparation step. Y 2 0 3 and YTi0 3 (additive) 
obtained in the third preparation step are used. 

In the second preparation step, for the purpose of obtaining desired resistivity and resistivity temperature coeffi- 
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cient. (Mn, 5 Cr , 5)04. Y 2 0 3 and YTi0 3 are first weighed so that a compounding molar ratio of (Mn, gCr, gJO* Y 2 0 3 and 
YT1O3 becomes 13:84:3. to make 500 g as the total amount In the same manner as in Example 1 . a sintering auxiliary 
is added (compounding 2). 

Subsequently. (Mn, 5 Cr, 5 )0 4 + Y 2 0 3 + YTi0 3 + SiCfc + CaC0 3 are compounded, mixed, ground, granulated 
dried, molded and calcined in the same manner as in Example 1 to obtain a thermistor element having Y(CrM- 
nTi)0 3 • Y 2 0 3 as an element portion, which is then incorporated into a temperature sensor. 

Furthermore, in the above second preparation step. (Mn 15 Cr 1 . 5 )04. and YTi0 3 are weighed so that a com- 
pounding molar ratio of (Mn, 5 Cr 1 .s)0 4 . Y 2 0 3 and YTi0 3 becomes 37:61 3 and 455.8:0.2. TTien. a thermistor element 
is made in the same procedure as described above and is incorporated into a temperature sensor. 

The respective elements of Example 6 are referred to as an element No. 16. an element No. 1 7 and an element No 
18 in the sequence of the compounding molar ratio of Y^r^M^. 5)04:Y 2 0 3 :YTi03. e.g. 13:84:3. 37:61:2 and 
4:95.8:0.2. 

As described above, in Example 6. Y of Y 2 O s and Tl of YTiOa are incorporated into (M ni 5 Cr, £0 4 in the solid state 
in case of mixing and sintering and excess oxygen atoms are liberated into the air. As a result aY(CrMnTi)0, • bYoOo 
as a mixed sintered body of a perovskite type Y(CrMnTi)0 3 and Y 2 0 3 . ' 3 2 3 

Therefore, the ratio of the molar fraction a:b of aY(CrMnTi)0 3 • bY 2 0 3 in Example 6 is slightly larger than a com- 
pounding molar ratio of the above (M ni 5 Cr^ .5)04^03. For example, even if the compounding molar ratio is 4:95 8 a 
* 0.05 and b £ 0.95. This fact has already confirmed by the examination of the composition and construction of the 
mixed sintered body by using SEM, EPMA, etc. 

Then, the temperature sensors made by incorporating the elements No. 16 to No. 18 were put in a high-tempera- 
ture oven and temperature characteristics of the resistivity were evaluated within the range from room temperature 
(27°C) to 1000°C in the same manner as in Example 1. The evaluation results are shown in Table 6. 



Table 





(Example 6) 


No. 


Raw material c 


omposition (mol %) 


Resistivity (kQ) 


Resistivity tem- 
perature coeffi- 
cient (K) 


Change in resis- 
tivity (%) 




(Cr 15 Mn l5 )0 4 


Y 2 0 3 


YI.O3 


Room tempera- 
ture (27°C) 


1000°C 






16 


13 


84 


3 


58 


0.15 


2340 


-5.0 


17 


37 


61 


2 


35 


0.11 


2260 


-4.0 


18 


4 


95.8 


0.2 


100 


0.20 


2440 


-4.0 



As shown in Table 6. the wide-range type thermistor element of Example 6 can realize the same effect as that 
described in Example 1 within the range where the molar fraction (a + b = 1 ) of aY(CrMnTl)03 • bYoO, satisfy the rela- 
tions: 0.05 =s a < 1 and 0 < b * 0.95. 



(Comparative Example 1) 

As Comparative Example 1, a temperature sensor using a thermistor element having the composition of 
Y(Cr 0 5 Mno.5)0 3 alone without using Y 2 0 3 for stabilizing the resistivity will be described. 

In the same manner as in Example 1. Y(Cr 05 lv1no.5)0 3 is obtained. A temperature sensor using Y(Cr 0 5 Mn 0 s )0, 
prepared as a raw material was evaluated. The results are shown in Table 7. The resistivity characteristics were evalu- 
ated in the same manner as in Example 1 . 
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Table 





{Example 7) 




5 


Composition of ele- 
ment portion 


Resistivity (kQ ) 


Resistivity temper- 
ature coefficient 
(K) 


Change in resistiv- 
ity (%) 




10 




Room temperature 
(27°C) 


1000°C 










Y(Cr 0 .5Mno.5)0 3 


10 


0.05 


2080 


-20.0 


Comparative 
Example 1 


15 


YTi0 3 


>1000 


0.2 


12200 


-40.0 


Comparative 
Example 2 



20 



As is apparent from Table 7, in case that Y 2 0 3 for stabilizing the resistivity is not used, the resistivity at high tem- 
perature range (e.g. 1000°C. etc.) is too low and. therefore, the temperature cannot be detected. As is also apparent 
from the results of the high-temperature durability test (change in resistivity), the change in resistivity A R exceeds 
±20% and, therefore, a wide-range thermistor element having stable characteristics can not be provided. 

Accordingly, the thermistor element having the composition of Y(Cro. 5 Mno.5)0 3 alone in Comparative Example 1 
cannot be used as the element of the desired temperature sensor of the present invention. 



25 (Comparative Example 2) 

As Comparative Example 2. a temperature sensor using a thermistor element having the composition of YTi0 3 
alone without using Y 2 0 3 for stabilizing the resistivity will be described. 

In the same manner as in Example 4. YTi0 3 is obtained. A temperature sensor using YTi0 3 prepared as a raw 
30 material was evaluated. The results are shown in Table 7. The resistivity characteristics were evaluated in the same 

manner as in Example 1 . , . . ^ . . 

As is apparent from Table 7. in the thermistor element having the composition of YTiO s alone, the resistivity at low 
temperature range (e.g. 27°C, etc.) is remarkably large (e.g. 1000 kn or more), etc.) and, therefore, the temperature 
cannot be detected. As is also apparent from the results of the high-temperature durability test, the change in resistivity 
35 A R exceeds ± 20% and. therefore, a wide-range thermistor element having stable characteristics cannot be provided. 
Accordingly, the thermistor element having the composition of YTi0 3 alone can not be used as the element of the 
desired temperature sensor of the present invention. 
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(Example 7) 

In Example 7. as the raw material for obtaining a mixed sintered body (M 1 » Y, M 2 = Cr, Mn) of Y(Cr 0 . 5 Mno.5)0 3 and 
Y 2 0 3 . Y(Cr 0 5 Mno 5 )0 3 is first prepared. A flow chart illustrating a production step of the thermistor element of Example 
7 is shown in Fig. 10. This Example relates to a production method according to the above second aspect 

As the starting material, Y 2 0 3 , Cr 2 0 3 and Mn 2 0 3 , high purity (99.9%) raw materials are used. The average particle 
diameter of Y 2 0 3 . that of Cr 2 0 3 and that of Mn 2 0 3 are 1 .0 ^im. 2.0 to 4.0 iim and 7.0 to 15.0 *im. respectively. The aver- 
age particle diameters of the respective raw materials were the same as those in the following Examples 8 to 20 as well 
as Comparative Examples 1 and 2. 

In the first preparation step (from compounding 1 to Y(Cr 0 .5Mno t5 )0 3 in the figure). Y 2 0 3 (268.8 g). Cr 2 0 3 (101 g) 
and Mna0 3 (104 g) are weighed so that a molar ratio (Y:Cr:Mn) becomes 2:1:1 (compounding 1). 

Using a resin pot (volume: 5 liter) containing Al 2 0 3 or Zr0 2 pebbles having a diameter of 1 5 0 (2.5 kg) and pebbles 
having a diameter of 20 0 (2.5 kg) as a ball mill to mix these weighed substances. Y 2 0 3 . Cr 2 0 3 and Mn 2 O s are charged 
. : .— * — :~ w^jrth^H chctonroc After aridina 1500 cc of Durified water, the mixture was mixed at 

III II IC pUl, III UIUCI iw «.www 3 

60 rpm for 4 hour (mixing step). . 

A mixed slurry of Y 2 0 3 , Cr 2 0 3 and MngOa obtained after a mixing treatment is transferred to a porcelain evaporat- 
ing dish, and then dried by using a hot-air dryer at 100 to 150°C for 12 to 17 hours to obtain a mixed solid of Y 2 0 3 , 
Cr 2 0 3 and Mn 2 0 3 . Subsequently, this mixed solid is roughly ground by using a chaser mill and passed through a sieve 
(# 30 mesh) to obtain a mixed powder of Y 2 0 3 , Cr 2 0 3 and Mn 2 0 3 . 

In the temporary calcination step, the mixed powder of Y 2 0 3 , Cr 2 Q 3 and Mn 2 0 3 is charged in a crucible made of 
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10 



15 



20 



25 



30 



35 



99.3% Al 2 0 3 anc I then heat-treated in a high-temperature oven in an atmosphere under a normal pressure at 1100«C 

Z J^7lT ,n » lCr ,°^Z 3 - Y( ?° 5Mn ° 5) ° 3 35 3 bU ' k ° btained in *• was roughly ground 

by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 

The above Y(Cr 0 .sMrto.gpg and Y 2 0 3 are used as the thermistor material 

In the second preparation step (starting from compounding 2 in the figure), for the purpose of obtaining desired 
resistivity and resistivity temperature coefficient. Y(Cro. 5 Mn 05 )03 (average particfe diameter^ to 5 mn 1 MgHrt 

2 ?t (a ^ e u 9e Part,Cle d,ameter: 10 urn. 440 g) are first weighed so that a compounding molar ratio of Y(Cr 0 s Mrw)0, 
and Y 2 0 3 becomes 100:22. to make 2000 gas the total amount T ^o. 5 Mno.5ju 3 

ifi^or^ 5 ! 01 * e ,irin9 ' Si ° 2 ^ ? C ° 3 ' Which are converted into a Phase within the range from 1500 to 
1 650 C. are used; as a s.nter,ng auxiliary and Si0 2 and CaC0 3 are added in an amount of 3% by weight (60 g) and 

StJKST reSP6Ct,Ve,y - **** ° n the t0tal amount ( 200 ° 9) - above Y(Cro. s Mn 0 /o 3 aid (~m 

ZEXf*™*?? ** t0ta i °? Y(Cr ° - 5Mn ° S) ° 3 ' Y2 ° 3 ' Si ° 2 and 03003 used as a ground raw material, 
i M mm/ 1°^ 9 9 T 9 516,3 f nwn fl'B rindJn 9 ^ *e figure), a pearl mill device (manufactured by Ashizawa Co 
™ m^IIif T" !f U T : ° rter ' actu !!, vo,ume: 05 liter > is "sed as a medium stirring mill to granulate thermistor 
nTZ ! 2 J 9 ardin 9 *? °P era * on conditons of this peart mill device. 3.0 kg of zirconia balls having a diameter of 
0.5 mm are used as a grinding med.um and 80% of the volume of a stirring vessel are filled with zirconia balls 

The operation conditions are as follows: 

21^0?*™^ ^ ' "* 0luti0n: f 1 10 r P m - Usin 9 4 5 litar « distilled water as a dispersing medium relative to 
2150 g of the raw material, a binder, a releasant and a dispersant are added, followed by mixing and grinding for 10 
hour^As the binder, polyvinyl alcohol (PVA) is added in an amount of 1 g per 100 g of the grounS raw rnateria? 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser tyoe 
granulometen As a result, the average particle diameter was 0.4 ^m (micron meter). This average pSX dSnii2S 
smaller than the average particle diameter 1 .0 jim of Y 2 0 3 . pamwe aiameier is 

The raw slurry of the resulting thermistor material is granulated and dried under the conditions of a drying chamber 
inlet temperature of 200-C and an outlet temperature of 1 20°C by using a spray drier. The resulSng gramS £££ 

n^EI? ""T* ^^^^ ha ™9 « average particle diameter of 30 urn. and molding of EST 
mistor element is performed by using these granulated powders 

. nr^LT^^J?^ iS P**"™** b r a ™ Wn B metnod - Pt100 (0.3 0 x 10.5) as a lead wire is put in a male mold and 
?r£n^5 !S , f'tr- IS Ctar9ed ,n 3 fema,e m0ld of 174 0 . and then molding is performed under a pressure of aboS 
InS *5 n 3 r' ded artiC,e * 3 th6rmiSt0r e ' ement provided «*" a ,ead «" *e firing P step. tnVmSS 
*?I I^fr ,S l™?* 1 ° n 3 COrrU9ated «■* °< Al 2 0 3 and then fired in theSr at 1500 to 
1 600°C fori to 2 hours to obtain a thermistor element. 

The resulting thermistor element and temperature sensor have the same structure as that of thermistor elements 
and temperature sensors shown in Fig. 2 to Fig. 4. inwmisror elements 

The evaluation results of the resulting temperature sensor are shown in Table 8. 



Table 



40 



45 



50 



55 





(Example 8> 




Raw material component in 
case of grinding 


Average particle diame- 
ter after grinding foxm) 


Terrperature accuracy 
(°C) 


Example 7 


Y(CrMn)0 3i Y 2 0 3 


0.4 


±10 


Example 8 


(Mn 15 Cr 1 5 )0 4 , Y 2 0 3 


0.5 


±10 


Example 9 


Y(CrMn)0 3 , Y 2 0 3 , Ti0 2 


0.4 


±8.0 


Example 10 


(Mn^sCr! 5 )0 4( Y 2 0 3 , Ti0 2 


0.5 


±8.0 


Example 1 1 


Y(CrMn)0 3f Y 2 0 3 


2.7 


±25 


Example 12 


(Mn v5 Cr r5 )0 4 , Y 2 0 3 


2.7 


±30 


Example 13 


Y(CrMn)0 3 , Y 2 0 3 . Ti0 2 


3.0 


±25 


Example 14 


(M ni 5 Cr 1 5 )0 4 , Y 2 0 3( Ti0 2 


3.0 


±25 



In Table 8. Y(CrMn)0 3 represents Y(Cr 0 5 Mn 05 )O 3 . The raw material component in case of grinding represents a 
raw matena. component ,n the grinding step of the second preparation step <Y(& 0 jMn^jQ, and Y 2 Q 3 inThiflxSn 
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pie) and the average particle diameter (urn) after grinding represents an average particle diameter of a raw slurry after 
grinding of the second preparation step (0.4 M m in this Example). The same rule applies correspondingly to the follow- 
ing Examples 8 to 14. 

Regarding the temperature sensor of Example 7. a temperature accuracy of ±10°C can be obtained. 
As described in the above second aspect, the evaluation method of the temperature accuracy is as follows. 
That is a standard deviation cx (sigma) of the resistivity at 350°C is calculated from resistivity-temperature data of 
100 temperature sensors. Using 6 a (standard deviation) as a scatter width (two sides), a value A obtained by dividing 
the value, calculated by this scatter width of the resistivity based on the temperature, by 2 is represented as tempera- 
ture accuracy ±A°C" and the accuracy is evaluated. 

(Example 8) 

In Example 8 as the raw material for obtaining a mixed sintered body (M 1 = Y. M 2 = Cr. Mn) of Y(Cro. 5 Mn 0 .s)03 and 
YoO, (Mn, sCr, s )0 4 obtained by calcining a mixture of an oxide of Cr and an oxide of Mn at lOOCC or more is first 
prepared. A flow chart illustrating a production step of the thermistor element of Example 8 is shown in Fig. 1 1. This 
Example relates to a production method according to the above second embodiment 

In the first preparation step (from compounding 1 to (M^sCr^O* in the figure). Cr 2 0 3 (101 g) and Mn 2 0 3 (104 
g) are weighed so that a molar ratio (Cr:Mn) becomes 1 :1 (compounding 1). 

These Cr 2 0 3 and Mn 2 0 3 are mixed (6 hours), dried, ground and heat-treated in the same manner as in Example 
7 to obtain (Mn, 5 C ri s)0 4 . (Mn, 5 Cr 15 )0 4 as a bulk solid obtained by the heat treatment was roughly ground by using 
a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 
The above (Mn 15 Cr 15 )0 4 and Y 2 0 3 are used as the thermistor material. 

In the second preparation step (starting from compounding 2 in the figure), for the purpose of obtaining the desired 
resistivity and resistivity temperature coefficient. (Mn, 5 Cr, s)0 4 (average particle diameter: 2 to 5 urn. 630 g) and Y 2 Q 3 
(average particle diameter: 1 .0 (im. 1 370 g) are first weighed so that a compounding molar ratio of (Mn, sCr, sJCU^s 
becomes 100:216. to make 2000 g as the total amount. In the same manner as in Example 7. Si0 2 (60 g) and CaC0 3 
(90 g) are added as a sintering auxiliary (compounding 2). 

In order to perform atomization of the thermistor material, a pearl mill device is used in the same manner as in 
Example 7 The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser 
type granulometer. As a result, the average particle diameter was 0.5 urn. This average particle diameter is smaller than 
the average particle diameter (1 .0 jim) of Y 2 0 3 before mixing. ^ «.» 

The raw slurry of the resulting thermistor material is granulated and dried to obtain a granulated powder of the ther- 
mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the same 

as those of Example 7. . . 

The molding is performed by the molding method in the same manner as in Example 7 to obtain a thermistor ele- 
ment which is incorporated into a temperature sensor assay to give a temperature sensor. 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 8. a temperature accu- 
racy of ±1 0°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 7. 

40 (Example 9) 

In Example 9 as the raw material for obtaining a mixed sintered body Y(CrMnTi)0 3 (M 1 = Y, M 2 = Cr. Mn. Ti), 
Y(Cr 0 5 Mn„ 5 )0 3 is first prepared from Y(Cr 0 5 Mn 0 . 5 )O 3 . Y 2 0 3 and TiO z . A flow chart illustrating a production step of the 
thermistor element of Example 9 is shown in Fig. 12. This Example relates to a production method according to the 
45 above second embodiment. , , _ . 

In the first preparation step. Y(Cro. 5 Mn 0 .5)0 3 is obtained in the same manner as in Example 7. The above 
Y(Cr 0 5 Mn 0 5 )0 3 . Y 2 0 3 and Ti0 2 are used as the thermistor material. 

In the second preparation step (starting from compounding 2 in the figure), for the purpose of obtaining desired 
resistivity and resistivity temperature coefficient. Y(Cr 0 . 5 Mn 0 .5)O 3 (average particle diameter: 2 to 5 firrt. 1520 g). Y 2 O a 
so (average particle diameter: 1.0 urn, 400 g) and TiO z (80 g) are first weighed so that a compounding molar ratio 
Y(Cr 0 5 Mn 0 5)0 3 :Y 2 0 3 :Ti0 2 becomes 100:22:10, to make 2000 g as the total amount. In the same manner as in Exam- 
r ._ - ,„« _v — m i-^/-7~>- ton n\ are aririeri as a sinterina auxiliary (compounding 2). 

Accordingly. 21 50 g of the total of Y(Cr 0 . 5 Mno. 5 )0 3 , Y 2 0 3 . T10 2 . SiO a and CaC0 3 is used as the ground raw maie- 

rial. 

55 Then in order to perform atomization of the thermistor material, a pearl mill device is used in the same manner as 
in Example 7 The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a 
laser type granulometer. As a result, the average particle diameter was 0.4 M m (micrometer). This average particle 
diameter is smaller than the average particle diameter 1.0 \im of Y 2 0 3 before mixing. 
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as those of Example 7 ions ot tne pean null dance and drying conditions of the spray drier are Hie same 

rnenT^^ 



(Example 10) 
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In Example 10. as the raw material for obtaininq a mixed sint<*r«oH /m1 v ^2 « * 
-mp, e ,0 is shown in Fig . 1 , iJffl^-S^ 

T^SST 2" £ 6f To 1 5 ^o° 4 iS ° btained " manner a * Sample 8. 

me above (Mn^Cr^^ 

In the second preparation step (starting from compounding 2 in the f imiroi 1™ ,h a „ 
resistivity and resistivity temperature coefficient fMn rv fJ 9 } ' fo ,he P^P 0556 <* obtaining desired 
(average particle diameter: ? o Z 'SS^tS^^'^ST Pa ^l ediameter: 2 to 5 ^- ™ g). Y 2 G 3 
(Mn, sCr^O.:^:^ becornS 30:^:10 EJE&oS tf^^SSt" ^ a compounding molar ratio 
7. S,0 2 (60 g) and CaC0 3 (90 g) are added as a sintering auxi N^oSSSSS 2 ^ 35 EXamP ' e 

Then, in order to perform atomization of the thermistor material a LZ i h ■ • 
mill. The raw slurry of the thermistor material subjected to ttTSSjf XL ^ ^ " 1186(1 aS 3 medium ^"'"9 
granulometer. As a result, the average lSSiS^JSo7^tS^ ™1*^*<* * using a laser type 
smaller than the average particie diameter 1 0 mS^H "before >ZT 1 ***** diamet6r is 

The raw slurry of the resulting thermistor material is granulated and dried f» ■„ - 
mistor material. The grinding conditions of the oearr mil? Z,>! ZTh J?*™" 3 9ranulated P^er of the ther- 

as those of Example 7. P d6VICe and dryin9 "*«ons of the spray drier are the same 

The molding is performed by the molding method in the same manner as in F«m„i a -, . u_ 

™ ^tfJ 8 f° rPOrated int ° 3 tyPiCa ' te ^ erature ^^T^7iSS5 sen^" 3 * ,ermiSt0r 6,e - 
The evaluation results are shown in Table 8. Regarding the termeraturl ««Z 7= 

rac, of *rc oan be coined. ™. e^c. m^o, ACTS^f^J VKSSJST 
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^S.^Tr ( L%r;^rs,^^ 

ration step of Example 7 ""step. ncrosMnj JOj , s obtained in the same manner as In the first prepa- 

Y 2 Q>. SiO, and 0aCO 3 is used ast! T""** 538 « Y^n.^. 

smaHer than the average particle diameter 1 .0 ^m oiT z 0^r^o PartC ' e d ^ eter is 

to obfcin a granted powder of »e 

same as those of Example 7. The molding is perform^ JST 9 °° ndrtlons of ^ *W *ier are the 

— . a ,hem«or element. „h*h Is ^rCS^-X^ 
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sor. 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 1 1 , a temperature 
accuracy of ±30°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 

7. 

s In Example 1 1 . the thermistor element incorporated into the temperature sensor shows temperature characteristics 

with good resistivity as the object of the present invention. That is, it shows low resistivity (50 to 100 kQ ), good resis- 
tivity temperature coefficient p (2000 to 4000 (K)) and small change in resistivity (±10% or less). 

(Example 12) 

10 

In Example 12, a ball mill as a conventional method is used in the grinding step (mixing and grinding) in the second 
preparation step in Example 8. As the raw material for obtaining a mixed sintered body of Y(CrMn)C>3 and Y 2 0 3 , 
(M^ 5 Cr<i 5 )0 4 and Y 2 0 3 are used. In the first preparation step, (Mn n 5 Cr., £0 4 is obtained in the same manner as in 
the first preparation step of Example 8. 

is In the second preparation step, for the purpose of obtaining the desired resistivity and resistivity temperature coef- 
ficient, (Mn-| sCr-i 5 )0 4 (average particle diameter: 2 to 5 *im 158 g) and Y 2 0 3 (average particle diameter: 1.0 urn, 342 
g) are first weighed to make 500 g as the total amount. In addition, Si0 2 and CaC0 3 are used as a sintering auxiliary, 
and Si0 2 (1 5 g) and CaC0 3 (23 g) are added (compounding 2) . Accordingly, 538 g of the total of {Mn^ 5 Cr 1 . 5 )0 4 , Y 2 0 3 , 
Si0 2 and CaC0 3 is used as the mixing/grinding raw material. 

20 Regarding the operation conditions of the mixing and grinding, the mixing and grinding are performed in the same 
manner as in Example 1 1 . The raw slurry of the thermistor material subjected to the grinding treatment was evaluated 
by using a laser type granulometer. As a result, the average particle diameter was 2.7 urn. This average particle diam- 
eter is smaller than the average particle diameter (1 .0 nm) of Y 2 0 3 before mixing. 

The raw slurry of the resulting thermistor material is granulated and dried to obtain a granulated powder of the ther- 

25 mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the same 
as those of Example 7. The molding is performed by the molding method in the same manner as in Example 7 to obtain 
a thermistor element, which is incorporated into a typical temperature sensor assay to give a temperature sensor. 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 12, a temperature 
accuracy of ±30°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 

30 7. 

Also in Example 11, the thermistor element incorporated into the temperature sensor shows temperature characteris- 
tics with good resistivity. 

(Example 13) 

35 

In Example 13, a ball mill as a conventional method is used in the grinding step (mixing and grinding) in the second 
preparation step of Example 9. As the raw material for obtaining a mixed sintered body of Y(CrMn)0 3 and Y 2 0 3 , 
Y(CrMn)0 3 , Y 2 0 3 and Ti0 2 are used. In the first preparation step, Y(Cr 0 5 Mn 0 5 )0 3 is obtained in the same manner as 
in the first preparation step of Example 7. 

40 In the second preparation step, for the purpose of obtaining the desired resistivity and resistivity temperature coef- 
ficient, Y(Cr 0 5 Mn 0 .5)O 3 (average particle diameter: 2 to 5 *im, 380 g). Y 2 0 3 (average particle diameter: 1.0 ^im, 100 g) 
and Ti0 3 (20 g) are first weighed to make 500 g as the total amount. In addition, Si0 2 and CaC0 3 are used as a sinter- 
ing auxiliary, and Si0 2 (15 g) and CaC0 3 (23 g) are added (compounding 2). Accordingly, 538 g of the total of 
Y(Cr 0 5 Mn 0 5 )0 3 , Y 2 0 3 , Si0 2 and CaC0 3 is used as the mixing/grinding raw material. 

45 Regarding the operation conditions of the mixing and grinding, the mixing and grinding are performed in the same 
manner as in Example 1 1 . The raw slurry of the thermistor material subjected to the grinding treatment was evaluated 
by using a laser type granulometer. As a result, the average particle diameter was 3.0 jim (micron meter). This average 
particle diameter is smaller than the average particle diameter 1 .0 jim of Y 2 0 3 before mixing. 

The raw slurry pf the resulting thermistor material is granulated and dried to obtain a granulated powder of the ther- 

50 mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the same 
as those of Example 7. The molding is performed by the molding method in the same manner as in Example 7 to obtain 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 13, a temperature 
accuracy of ±25°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 
55 13. 

Also in Example 12, the thermistor element incorporated into the temperature sensor shows temperature charac- 
teristics with good resistivity. 
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(Example 14) 

In Example 14 f a ball mill as a conventional method is used in the grinding step (mixing and grinding) in the second 
preparation step of Example 10. As the raw material for obtaining a mixed sintered body of Y(CrMnTi)0 3 and Y 2 0 3 , 
( Mn i.s9. r i.s)04. Y 2 0 3 and TlOfc In the first preparation step, (Mn 1 5 Cr^ 5 )0 4 is obtained in the same manner 

as in the first prostration step of Example 8. 

In the second preparation step, for the purpose of obtaining the desired resistivity and resistivity temperature coef- 
ficient. (Mn 1 5 Cr 1 s)0 4 (average particle diameter: 2 to 5 jim, 145 g), Y 2 0 3 (average particle diameter: 1.0 urn, 338 g) 
and Ti0 2 (1 7 g) are first weighed to make 500 g as the total amount. In addition, Si0 2 and CaC0 3 are used as a sinter- 
ing auxiliary, and Si0 2 (15 g) and CaC0 3 (23 g) are added (compounding 2). Accordingly 538 g of the total of 
(Mn 1 .sCr 1 . s )04 Y 2 0 3 , Ti0 2 , Si0 2 and CaC0 3 is used as the mixing/grinding raw material. 

Regarding the operation conditions of the mixing and grinding, the mixing and grinding are performed in the same 
manner as in Example 1 1 . The raw slurry of the thermistor material subjected to the grinding treatment was evaluated 
by using a laser type granulometer. As a result, the average particle diameter was 3.0 vn\. This average particle diam- 
eter is smaller than the average particle diameter (1 .0 \im) of Y 2 0 3 before mixing. 

The raw slurry of the resulting thermistor material is granulated and dried to obtain a granulated powder of the ther- 
mistor material. The grinding conditions of the pearl mill device and drying conditions of the spray drier are the same 
as those of Example 7. The molding is performed by the molding method in the same manner as in Example 7 to obtain 
a thermistor element which is incorporated into a typical temperature sensor assay to give a temperature sensor. 

The evaluation results are shown in Table 8. Regarding the temperature sensor of Example 14, a temperature 
accuracy of ±25°C can be obtained. The evaluation method of the temperature accuracy is the same as that of Example 

Also in Example 14, the thermistor element incorporated into the temperature sensor shows temperature charac- 
teristics with good resistivity as in Example 1 1 . 

As described above, when Examples 7 to 14 are compared, all thermistor elements show temperature character- 
istics with good resistivity as the object of the present invention, but it can be said that the production methods 
described in Examples 7 to 10 are superior in temperature accuracy of a sensor to those described in Examples 1 1 to 
14. 

That is, in the production methods described in Examples 7 to 10, uniform mixing of the composition is realized by 
atomization of the thermistor material while accomplishing the effect described in the above first aspect and a variation 
in composition of a mixed sintered body M 1 M 2 0 3 • Y 2 0 3 is reduced, thereby making it possible to reduce scatter in 
resistivity. 

Accordingly, in case that the thermistor element of the present invention is produced by the production method 
according to the second embodiment (Examples 7 to 10), it is possible to provide a thermistor element capable of 
improving the temperature accuracy at room temperature to 1000°C to ±10°C or less in comparison with the production 
process using a conventional ball mill (Examples 1 to 14, temperature accuracy: ±20 to 30°C) and realizing high accu- 
racy of the temperature sensor. 

(Example 15) 

In Example 15, a mixed sintered body (M 1 = Y, M 2 = Cr, Mn) of Y(Cr 05 Mn 0 .5)O 3 -Y 2 O 3 is obtained from Y 2 0 3 , 
Cr 2 0 3 , Mn 2 0 3 and CaC0 3 as the raw material. A flow chart illustrating a production step of the thermistor element of 
Example 15 is shown in Fig. 15. 

This Example relates to the first production method described in the above third embodiment. That is, the above 
precursor is obtained in the first preparation step (from compounding 1 to Y(Cr 0 5 Mn 0 £0 3 • Y 2 0 3 ), and a medium stir- 
ring mill is used in the grinding step of the mixing step of the first preparation step and the grinding step of the second 
preparation step (starting from compounding 2 in the figure). 

Y 2 0 3 , Cr 2 0 3 , Mn 2 0 3 and CaC0 3 (the purity of all components is not less than 99.9%) are prepared. In the com- 
pounding 1 these components are compounded so that the desired resistivity and resistivity temperature coefficient as 
the thermistor element can be obtained. 

Specifically, Y 2 0 3 , Cr 2 0 3 and Mn^ are weighed so that a and b (molar fraction)(a:b) of aY(Cr 0 gMno 5 )0 3 • bY 2 0 3 
becomes 38:62 to make 2000 g as the total amount Furthermore, 36 g of CaC0 3 is added and 2036 g of the total of 
Y 2 0 3 , Cr 2 0 3 , Mn 2 0 3 is used as a mixed raw material. 

In the following mixing step, a medium stirring mill is used to atomize the raw material. As the medium stirring mill, 
a pearl mill device (manufactured by Ashizawa Co., Ltd., RV1V, effective volume: 1.0 liter, actual volume: 0.5 liter) is 
used. Regarding the mixing conditions of this pearl mill device. 3.0 kg of zirconia balls having a diameter of 0.5 mm are 
used as a grinding medium and 80% of the volume of a stirring vessel are filled with zirconia balls. 

The operation conditions are as follows: circumferential rate: 12 m/sec, revolution: 3110 rpm. Using 4.5 liter of dis- 
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tilled water as a dispersing medium relative to 2036 g of the mixed raw material, a dispersant and a binder are added, 
followed by mixing and grinding for 10 hours. As the binder, polyvinyl alcohol (PVA) is added in an amount of 20 g per 
2036 g of the mixed raw material. 

The raw slurry of the thermistor material subjected to the mixing/grinding treatment was evaluated by using a laser 
5 type granulometer. As a result, the average particle diameter was 0.4 urn (micron meter). This average particle diame- 
ter is smaller than the average particle diameter (1 .0 urn) of Y 2 0 3 and smaller than 0.5 urn. 

The raw slurry of the resulting thermistor material is dried under the conditions of a drying chamber inlet tempera- 
ture of 200°C and an outlet temperature of 120°C by using a spray drier. The resulting granulated powders of the ther- 
mistor material are spherical powders having an average particle diameter of 30 urn. and this raw material r^wdens 
io charged in a crucible made of 99.3% Al 2 0 3 and then calcined in a high-temperature oven in the air at 1 100 to 1 300 C 
for 1 to 2 hours to obtain a precursor Y(Cr 0 . 5 Mn 0 .5)O3 • Y2O3 (calcination step). 

The precursor Y(Cr 0 5 Mn 0 5 )O z • Y 2 0 3 as a bulk solid obtained in the calcination was roughly ground by using a 
chaser mill and passed through a sieve (# 30 mesh) to obtain a powder of precursor Y(Cr 0 .sMno. 5 )0 3 • Y 2 0 3 . 

In the following compounding 2. a powder of the above precursor Y(Cr 0 .5Mn 0 S )O 3 • Y 2 0 3 (2000 g) is prepared. 
is In the grinding step, a pearl mill device is used similar to the above mixing step. To the precursor prepared in the 
compounding 2. a dispersant. a binder and a releasant are added, followed by mixing and further grinding to perform 
atomization. The grinding conditions of this pearl mill device are the same as the conditions of the above mixing step. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 0.3 urn (micron meter). This average particle diameter is 
20 smaller than the average particle diameter 1 .0 \ar\ of Y 2 0 3 . Mar t 
The slurry of the precursor Y(Cr 0 5 Wln 0 5 )O 3 • Y 2 0 3 obtained after grinding was granulated by using a spray dried 
under the same conditions as those of the above drying step to obtain a granulated powder of Y(Cr 0 . 5 Mno.s)03 • y 2 u 3 . 
A thermistor element is molded by using this granulated powder of Y(Cr 0 . 5 Mno. 5 )0 3 • Y 2 0 3 . 

The molding step is performed by a molding method. Pt100 (0.3 mm0 x 10.5 mm) as a lead wire is put in a male 
mold and a granulated powder of Y(Cr 0 .5Mn 0S )O 3 • Y 2 0 3 is charged in a female mold of 1 .89 mm0 . and then ; moldmg 
is performed under a pressure of about 1000 kgf/cm 2 to obtain a molded article of a thermistor elemerrt provided with 
a lead wire. The molded article of the thermistor element is arranged on a corrugated setter made of Al 2 0 3 and then 
calcined in the air at 1400 to 1600°C for 1 to 2 hours to obtain a thermistor element having an outer diameter of 1 .60 

mm0 (mixed sintered body). m . ,. 

This thermistor element is incorporated into a temperature sensor assay to give a temperature sensor. The result- 
ing thermistor element and temperature sensor have the same structure as that of thermistor elements and temperature 

sensors shown in Fig. 2 to Fig. 4. . . „„„ 

Then the temperature sensor was put in a high-temperature furnace and resistivity temperature characteristics are 
evaluated within the range from room temperature (e.g. 27°C. etc.) to 1000'C in the same manner as in Example 1 The 
as evaluation results are shown in Table 9. The temperature accuracy of the resulting temperature sensor are evaluated in 
the same manner as in Example 7. The results are shown in Table 10. 
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(Example 9) 




No. 


Raw material composition 
(mol %) 


Resistivity (kn ) 


Resistivity tempera- 
ture coefficient (K) 


Change in resis- 
tivity (%) 




Y(Cr 05 Mn 05 )O3 


Y 2 0 3 


Room tempera- 
ture (27°C) 


1000°C 






19 


38 


62 


50 


0.14 


2450 


-5.0 


20 


95 


5 


30 


0.10 


2240 


-4.0 


21 


5 


95 


100 


0.20 


2440 


-4.0 
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Table 



10 





(Example 10) 




Raw material compo- 
nent in case of grind- 
ina 


Average particle 
diameter after 

nrinriinn fum\ 
vji 11 luiuy yyunj 


Average particle 
diameter after 
grinding (\im) 


Temperature accu- 
racy (°C) 


Example 15 


Y(CrMn)0<5 • YoOi 


n 4 


0.4 


±7 


Example 16 


Y(CrMn)0 3 and Y 2 0 3 


0.3 


0.4 


±5 


Example 17 


Y(CrMn)0 3 -Y 2 0 3 


0.4 


1.8 


±10 


Example 18 


Y(CrMn)0 3 and Y 2 0 3 


0.3 


1.8 


±10 


Example 19 


Y(CrMn)0 3 • Y 2 0 3 


2.0 


3.0 


±30 


Example 20 


Y(CrMn)0 3 and Y 2 0 3 


1.7 


2.7 


±25 


Comparative Example 1 


Y(Cr 0 .5Mn 05 )O 3 


2.0 


3.0 


±30 


Comparative Example 2 


YTi0 3 


2.0 


3.0 


±25 


Comparative Example 3 
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«tan «*!h ? " 1 ! terial com P° nent in 0356 <* 9 rindin 9 represents a raw material component in the grinding 
Preparab ° n Step ^paaMnwJQ, • Y 2 C 3 in this Example), the average particle diameter fjn) after 

2^7TTi! n p" , ^7 e i P,B ?5 ° f 8 faW 9rindin9 in *• mixino ste P <* » e ,iret Potion 

d2J?~ «K « ? ^ 6) a ? th8 a r a9e Partde diameter ^ after ***** represents an averag^rfe 
d.amete of a raw slurry after gr.nd.ng ,n the grinding step of the second preparation step (0.3 ^ in this Example) The 

S^a^S Ex^le e 3 SPOndin9 ' y * *" ™ ^ 1 6 to 20 ^ ^arative Examples 1 and 2 evaluated in 

Regarding the temperature sensor of Example 15. a temperature accuracy of ±T>C can be obtained 
Furthermore, .n the compounding 1. a thermistor element was produced by using a thermistor raw' material ore- 
SJE a r' ar T I 3 * 5 " Y ( Cr o^no.s)0 3 :Y 2 03 becomes 95:5 and 5*95 ink sam" Tan™ aToSibi 

above and the therrrustor element was evaluated. The results (resistivity temperature characteristics) are shown in 

m^nt 1 pi T 5 ' thB r !! P ! CtVe e,6mentS 3re ref6rred to as " element No - 19 - « «■••"•* No. 20 and aZle" 
*c ch 6 tff l 06 ^ the ab0W ' m0lar rati0 a:b ' 8 9 " 38:62 - 95:5 and 5:95 They are shown in Table 9. 
As shown in Table 9 the thermistor element of Example 1 5 shows low resistivity of 50 to 1 00 kn required of a tern- 

0.05 * a < 1 and 0 < b a 0.95. and also shows a res.st.vity temperature coefficient P of 2000 to 4000 (K), and is capable 
of wrfely controlling the res.stivity and resistivity temperature coefficient. Therefore, it is possible to diet a te^era 
ture ranging from room temperature to high temperature of 1 000°C rempera 

m.stor material havmg stable charactenstics (e.g. small change in resistivity), etc.) can be provided. 
(Example 16) 

YfCr!? STS^y o ?*? J* = ^ = C '" Mn) ° f Y < Cr ° 5 Mn ° 5 >°3 • Y 2 Q 3 is obtained from 

ir. Rg 16 illustrating a production step of the thermistor element of Example 1 6 is shown 

Y(Cr Th Mn EX S P, ;^!2nL , ° T Pr0dU< *° n method described in ^ above third embodiment. That is. 

h!S °J„ ° 5) S ^ the ,,rSt preparat,on ^ < from compounding 1 to Y(Cr 0 s Mn 0 5 )0 3 ). and a medium stir- 

%££L HZ? ' n r ,n o 9 ? ** Preparati0 " «» and 4,16 9 findin 9 tilUS* priarTtion sfep 

(starting from compounding 2 in the figure). H 

inn / 2 v n C ^° o Mn2 ?L an l CaC ° 3 (PUri<y °' a " comDOnente is n °* 'ess than 99.9%) are prepared. In the compound- 
ImrSnt p?S £ 3 "f^? 8 ? 50 ^ 8 m °' ar fraCt ' on of Y:Cr:Mn becomes 2:1 :1 to make 644 g as the 

afa rTxed Iw 9 3 ' S ^ ^ 9 ° f ^ ^ ° f Y2 ° 3 ' Cf2 ° 3 - M " 2 ° 3 and ^ is used 

In the following mixing step, a medium stirring mill is used to atomize the raw material in the same manner as in 

Example 15. The m.x.ng conditions are the same as those of Example 15. In this mixing step, the raw slurry of the ther- 
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mistor material subjected to the mixing/grinding treatment was evaluated by using a laser type granulometer. As a 
result, the average particle diameter was 0.3 \im (micron meter). This average particle diameter is smaller than the 
average particle diameter 1 .0 \xm of Y 2 0 3 before mixing and is smaller than 0.5 \tm. 

The resulting raw slurry is granulated and dried by using a spray drier in the same manner as in Example 15, and 
5 then calcined to obtain Y(Cr 0 . 5 Mno,5)0 3 . Y(Cr 0 . 5 Mno.5)0 3 as a bulk solid obtained in the temporary calcination is 
roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder of Y(Cr 0 . 5 Mno.5)0 3 . 

In the following compounding 2, compounding is performed so that the desired resistivity and resistivity tempera- 
ture coefficient as the thermistor element can be obtained. Specifically, Y(Cr 0 5 Mn 0 .5)O 3 and Y 2 0 3 are weighed so that 
a to b (a:b) of aY(Cr 0 5 Mno 5 )0 3 • bY 2 0 3 becomes 38:62 to make 2000 g as the total amount. 
jo In the grinding step, Y(Cr 0 5 Mn a5 )0 3 and Y 2 0 3 are mixed and ground by using a pearl mill device similar to the mix- 
ing step to perform atomization. The grinding conditions of the pearl mill device are the same as those of the mixing 
step. In this grinding step, a dispersant, a binder and a releasant are added, followed by mixing and further steps. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 0.4 urn (micron meter). This average particle diameter is 
is smaller than the average particle diameter 1 .0 \xm of Y 2 0 3 before compounding in the compounding 2. 

The slurry of Y(Cr 0 5 Mn 0 5 )0 3 and Y 2 0 3 obtained after grinding is granulated, molded and then calcined to obtain 
a thermistor element in the same manner as in Example 1 5. This thermistor element is incorporated into a temperature 
sensor assay to give a temperature sensor in the same manner as in Example 15. 

The resulting thermistor element and temperature sensor have the same structure as that of thermistor elements 
20 and temperature sensors shown in Fig. 2 to Fig. 4. 

The above temperature sensor was evaluated in the same manner as in Example 15. The evaluation results of the 
resistivity temperature characteristics are shown in Table 1 1 and those of the temperature accuracy are shown in Table 
10. 

Regarding the temperature sensor of Example 16, a temperature accuracy of ±5°C can be obtained, as shown in 
25 Table 10. In Example 16, grinding and atomization are performed by using a medium stirring mill in the mixing step of 
the first preparation step and grinding step of the second preparation step. Therefore, there can be provided a thermis- 
tor element whose temperature accuracy is improved in comparison with Example 7 (temperature accuracy: ±10°C) 
wherein grinding and atomization were performed only in the latter step using a medium stirring mill. 

Furthermore, a thermistor element was produced by using a thermistor raw material prepared so that a molar ratio 
30 (a:b) Y(Cr 0 5 Mn 0 5)0 3 :Y 2 0 3 becomes 95:5 and 5:95 in the grinding step in the same manner as described above and 
the thermistor element was evaluated. The results are shown in Table 11. In Example 16, the respective elements are 
referred to as an element No. 22, an element No. 23 and an element No. 24 in the sequence of the above molar ratio 
a:b, e.g. 38:62, 95:5 and 5:95. They are shown in Table 11. 

As shown in Table 1 1 , the thermistor element of Example 1 6 shows the low resistivity of 50 to 1 00 kQ required of 
35 a temperature sensor within the range where the molar fraction (a + b = 1 ) of aY(Cr 0 .5Mn 0 .5)O 3 -bY 2 0 3 satisfy the 
relations: 0.05 =i a < 1 and 0 < b * 0.95, and also shows a resistivity temperature coefficient p of 2000 to 4000 (K), and 
is capable of widely controlling the resistivity and resistivity temperature coefficient. Therefore, it is possible to detect a 
temperature ranging from room temperature to high temperature of 1000°C. 

As is apparent from the results of the high-temperature durability test (change in resistivity), a wide-range type ther- 
40 mistor material having stable characteristics (e.g. small change in resistivity), etc.) can be provided. 

(Example 17) 

In Example 17, a mixed sintered body (M 1 = Y, M 2 = Cr, Mn) of Y(Cr 0 sMn 0 5 )0 3 • Y 2 0 3 is obtained from Y 2 0 3 , 
45 Cr 2 0 3 . Mn 2 0 3 and CaC0 3 as the raw material. A flow chart illustrating a production step of the thermistor element of 
Example 17 is shown in Fig. 17. 

Example 1 7 relates to the first production method described in the above third embodiment. That is, the above pre- 
cursor is obtained in the first preparation step (from compounding 1 to Y(Cr 0 5 Mno i5 )0 3 • Y 2 0 3 ). a medium stirring mill 
is used in the grinding step of the mixing step of the first preparation step and a ball mill is used in the grinding step of 
so the second preparation step (starting from compounding 2 in the figure). That is, the ball mill is used in place of the 
medium stirring mill in the grinding step in Example 15. 

Tne firsi prepamiiun Slep of this Exsrnplc ic the zzrr.z — that of Example 15 and its H^rrintion is omitted. Also in 
Example 17, a and b (molar fraction)(a:b) of aY(Cr 0 .5Mn a5 )O 3 • bY 2 0 3 is 38:62. The raw slurry of the thermistor mate- 
rial subjected to the mixing/grinding treatment was evaluated by using a laser type granulometer. As a result, the aver- 
55 age particle diameter was 0.4 nm (micron meter). 

In the following compounding 2, a powder (2000 g) of the precursor Y(Cr 0 5 Mn 0 5 )0 3 • Y 2 0 3 obtained in the first 
preparation step is prepared. 

In the following grinding step, a ball mill device is used to add a dispersant, a binder and a releasant to 
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Y(Cro. 5 Mn 0 5 )0 3 . Y 2 0 3 prepared in the compounding 2, followed by mixing and further grinding 

Regarding the grinding conditions of this ball mill device, the powder (2()m n\ nronor^ ;„ ^ 
charged in a resin pot (volume* 20 liter) contain™ Al O nom~ i 9) prepared m compounding 2 is 

^etero.^to'^er^ 

aven«e pa«e aTamete, ,,o B m) S wSTSS^KSSSSTT *" 

sense, assa, ,o give a temp.™*, sense In Ihe^n^n^s^Se « r^i?"^ "S * 'r walure 
temper e sense have the same structure as that of tnernS'eSa^ 

Rg. 2 4,. ,„ add»ion. the evasion rlEE fe^Su e iSLy^ZSSTS.IS^ f" 

arure serso, of Example 17. a fempewure accuracy ol ±10-C can be c££l h Exan^e 

Furthermore, a thermistor element was produced by us.no a thermistor ,Z ^ZZT^ 2. _ 
01 YI&ojMbmIO^YsQ, becomes 95:5 and 5:95 in the Srf SLXS 2*^? *° *" 8 ra *° 
result, the resistivity temperature characteristics of «* , ttaSwlTl? thermistor element was evaluated. As a 
.hermrstc element^ the same ^^ ^12^. ^TS J - ""' *" """ " - 

sen^rr g T^raTs 

a < 1 and 0 < b ^ o 95 and al<« chn^ a ,~ J1\T ; aY(Cr 0-5Mn a5 )O 3 -bY 2 0 3 satisfy the relations: 0.05 * 

widely co^U^esi^?^ *. f 000 to J™ (K) ' and is " 

ranging from room temperature to high temperaZ 0 Hr2o% *' * ' S P ° SS ' b ' e * d6teCt a tem P^ture 

As is apparent from the results of the high-temperature durability test fchanne in r^i^M. > 
mistor materia, having stabie characteristics (agTrnai. ch«J?!!X^^ 

30 (Example 18) 

In Example 18, a mixed sintered body (M 1 = Y M 2 - rv y n \ ^ v/^- ^ w ~ 

mill is used in the mixing step of the first preparation steo and* h!^.r 9 J to ^0.5^0.5)03). a medium stirring 
aration step (starting from «^»^KfSlS?S -s Z Z . m f "JS 8 T* B ^ 01 SeCOnd prep " 
in the grinding step in Example 16 ' * m '" ' S USed m p,ace * the medium mill 

Exa^et ^w^^?^^ ite — *- - — - in 

the compounding 1 was equated by uC.^^5?SSS£ S^" 16 "* ^ miX,n9 St6P h 

0.3 pm (micrometer). granuiometer. As a result, the average particle diameter was 

* P °" der * temporari| y Y(Cr 0 . 5 Mn 0 jJOa is obtafned from the first preparation steo 

coefS ST! "rST ^»^2c* mature 

V(Cr Mn )0 3 ^ » ~ a and b (a:b) o, 

In the following grinding step, a ball mill device is used to mix and I orind YfCr n Jun \n v o • u ^ 

fjJL^Z, resu? ^ge^dST fTST f"™ * « — "» 

average particle diameter ft 0 JTof V 7T J " ™" are,age <mMe diameter Is smaller than the 
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sensor assay to give a temperature sensor in the same manner as in Example 15. The resulting thermistor element and 
temperature sensor have the same structure as that of thermistor elements and temperature sensors shown in Fig. 2 
to Fig. 4. 

Then, the above temperature sensor was evaluated in the same manner as in Example 15. The resistivity temper- 
ature characteristics were the same as those of Example 16 (resistivity temperature characteristics of a:b = 38:62 in 
Fig. 11). 

In addition, the evaluation results of the temperature accuracy are shown in Table 10. Regarding the temperature 
sensor of Example 18, a temperature accuracy of ±10°C can be obtained as in Example 17. 

Furthermore, a thermistor element was produced by using a thermistor raw material prepared so that a molar ratio 
of Y(Cr 0 . 5 Mno.5)0 3 :Y 2 0 3 becomes 95:5 and 5:95 in the mixing step and the thermistor element was evaluated. As a 
result, the resistivity temperature characteristics of this thermistor element were good and the same as those (see Table 
1 1) of the thermistor element having the same molar ratio as that of Example 16. 

Accordingly, the thermistor element of Example 1 8 shows low resistivity of 50 to 100 kQ required as a temperature 
sensor within the range where the molar fraction (a + b = 1 ) of aY(Cr 0 5 Mn 0 s)0 3 • bY 2 0 3 satisfy the relations: 0.05 ^ 
a < 1 and 0 < b s 0.95. and also shows a resistivity temperature coefficient p of 2000 to 4000 (K), and is capable of 
widely controlling the resistivity and resistivity temperature coefficient Therefore, it is possible to detect a temperature 
ranging from room temperature to high temperature of 1000°C. 

As is apparent from the results of the high-temperature durability test (change in resistivity), a wide-range type ther- 
mistor material having stable characteristics (e.g. small change in resistivity), etc.) can be provided. 

(Example 19) 

Example 19 is basically the same as Example 15 and Example 17. That is, a precursor is formed by using Y 2 0 3 , 
Cr 2 0 3 , Mn 2 0 3 and CaCC>3 as the raw material to obtain a mixed sintered body (M 1 = Y, M 2 = Cr, Mn) of 
Y(Cr 0 5 Mn 0 5 )0 3 • Y 2 0 3 . A flow chart illustrating a production step of the thermistor element of Example 19 is shown in 
Fig. 19. 

In Example 19, a ball mill device as a conventional method is used in the mixing step and grinding step in the pro- 
duction method of Example 1 5. 

In the same manner as in Example 15, Y 2 0 3 , Cr 2 0 3 , Mn 2 0 3 and CaC0 3 (all of the purity is not less than 99.9%) 
are prepared. In the compounding 1 , these respective components are compounded to obtain the desired resistivity 
and resistivity temperature coefficient as the thermistor element. 

Specifically, Y 2 0 3 , Cr 2 0 3 and Mn20 3 are weighed so that a and b (molar fraction)(a:b) of aY(Cr 0 5 Mn 0 s)0 3 • bY 2 0 3 
becomes 38:62 to make 2000 g as the total amount. Furthermore, 36 g of CaC0 3 is added and 2036 g of the total of 
Y 2 0 3 , Cr 2 0 3( Mn 2 0 3 and CaC0 3 is used as a mixed raw material. 

Then, this mixed raw material is mixed and ground by using a bail mill device in the mixing step. Regarding the 
operation conditions, the thermistor raw material is charged in a resin pot (volume: 20 liter) containing Al 2 0 3 pebbles 
having a diameter of 15 0 (10 kg) and pebbles having a diameter of 20 0 (10 kg) and, after adding 6000 cc of purified 
water, the mixture was mixed and ground at 60 rpm for 6 hours. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 2.0 jim. This average particle diameter is smaller than the 
average particle diameter (1 .0 jim) of Y 2 0 3 before mixing. 

The raw slurry of the resulting thermistor material is dried under the conditions of a drying chamber inlet tempera- 
ture of 200°C and an outlet temperature of 120°C by using a spray drier. The resulting granulated powders of the ther- 
mistor material are spherical powders having an average particle diameter of 30 *im t and this raw materia! powder is 
charged in a crucible made of 99.3% Al 2 0 3 and then calcined in a high-temperature oven in the air at 1 100 to 1300°C 
for 1 to 2 hours to obtain a precursor Y(Cr 0 5 Mn 0 5 )0 3 • Y 2 0 3 . 

The precursor Y(Cr 0 ,5Mn 0 .5)O 3 • Y 2 0 3 as a bulk solid obtained in the calcination was roughly ground by using a 
chaser mill and passed through a sieve (# 30 mesh) to obtain a powder of precursor Y(Cro. 5 Mn 0 .5)0 3 • Y 2 0 3 . 

In the following grinding step, a ball mill device is used to atomize this powder similar to the mixing step. The grind- 
ing conditions of this ball mill device are the same as the conditions of the mixing step. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granuiomeier. As a resuii, ihe average pai iiuie diameier was 5.0 jam (micron merer). 

The resulting raw slurry of the thermistor material was granulated, dried, molded and then calcined to obtain a ther- 
mistor element in the same manner as in Example 15. This thermistor element is incorporated into a temperature sen- 
sor assay to give a temperature sensor. The resulting thermistor element and temperature sensor have the same 
structure as that of thermistor elements and temperature sensors shown in Fig. 2 to Fig. 4. 

Then, the temperature sensor was evaluated in the same manner as in Example 15. The resistivity temperature 
characteristics of this thermistor element were good and the same as those of the thermistor element having the same 
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molar ratio (a:b = 38:62) as that of Example 15 (see Table 9). 

In addition, the evaluation results of the temperature accuracy are shown in Table 10. Regarding the temperature 
sensor of Example 19. a temperature accuracy of ±30°C can be obtained as in Example 17. 

5 (Example 20) 

Example 20 is basically the same as Example 16 and Example 18. That is. Y(Cro i5 Mn 0 5 )0 3 is formed by using 
Y 2 0 3 , Cr 2 0 3 , Mn 2 0 2 and CaC0 3 as the raw material in the temporary calcination to obtain a mixed sintered body (M 1 
= Y, M 2 = Cr, Mn) of Y(Cr 0 sMriQ s)0 3 • Y 2 0 3 . A flow chart illustrating a production step of the thermistor element of 
w Example 20 is shown in Fig. 20. 

In Example 20, a ball mill device as a conventional method is used in the mixing step and grinding step in the pro- 
duction method of Example 16. 

In the same manner as in Example 16, Y 2 0 3) Cr 2 0 3l Mn 2 0 3 and CaC0 3 (all of the purity is not less than 99.9%) 
are prepared. In the compounding 1, Y 2 0 3 , Cr 2 0 3 and Mn 2 0 3 are weighed so that a molar ratio of Y:Cr:Mn becomes 
is 2:1 :1 to make 644 g as the total amount Furthermore, 36 g of CaC0 3 is added and 680 g of the total of Y 2 0 3 , Cr 2 0 3 . 
Mn 2 0 3 and CaC0 3 is used as a mixed raw material. 

In the mixing step, the mixed raw material obtained in the compounding 1 is mixed and ground by using a ball mill 
device. Regarding the operation conditions, the thermistor raw material is charged in a resin pot (volume: 5 liter) con- 
taining Al 2 0 3 pebbles having a diameter of 15 mm0 (2.5 kg) and pebbles having a diameter of 20 mm0 (2.5 kg) and, 
20 after adding 1800 cc of purified water, the mixture was mixed and ground at 60 rpm for 6 hours. 

The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 1 .7 jim. This average particle diameter is smaller than the 
average particle diameter (1.0 uxn) of Y 2 0 3 before mixing. 

The raw slurry of the resulting thermistor material is granulated, dried and then temporarily calcined to obtain 
25 Y(Cr 0 . 5 Mn 0 5 )0 3 in the same manner as in Example 15. Y(Cr 0 5 Mn 0 .5)O 3 as a bulk solid obtained in the temporary cal- 
cination was roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder of 
Y(Cr 05 Mn 05 )O 3 . 

In the following compounding 2, for the purpose of obtaining desired resistivity and resistivity temperature coeffi- 
cient, Y(Cr 0 .5Mn 0 .5)O 3 and Y 2 0 3 are first weighed so that a and b (molar fraction) (a:b) of aY(Cr 0 .5Mno. 5 )0 3 *bY 2 0 3 
30 becomes 38:62, to make 2000 g as the total amount. 

A ball mill device is used to atomize Y(Cr a5 Mno.5)0 3 • Y 2 0 3 in the grinding step similar to in mixing step. Regarding 
the grinding conditions of this ball mill device, the thermistor raw material obtained in the compounding 2 is charged in 
a resin pot (volume: 20 liter) containing Al 2 0 3 pebbles having a diameter of 15 0 (1 0 kg) and pebbles having a diameter 
of 20 0 (10 kg) and. after adding 6000 cc of purified water, the mixture was mixed and ground at 60 rpm for 6 hours. 
35 The raw slurry of the thermistor material subjected to the grinding treatment was evaluated by using a laser type 
granulometer. As a result, the average particle diameter was 2.7 jim (micron meter). 

The resulting raw slurry of the thermistor material is granulated, dried, molded and then fired to obtain a thermistor 
element in the same manner as in Example 15. This thermistor element is incorporated into a temperature sensor 
assay to give a temperature sensor in the same manner as in Example 15. The resulting thermistor element and tem- 
40 perature sensor have the same structure as that of thermistor elements and temperature sensors shown in Fig. 2 to Fig. 
4. 

Then, the above temperature sensor was evaluated in the same manner as in Example 15. The resistivity temper- 
ature characteristics were the same as those of Example 16 having the same molar ratio (a±> = 38:62) (see Table 1 1). 
In addition, the evaluation results of the temperature accuracy are shown in Table 10. The temperature accuracy of 
45 the temperature sensor of Example 20 is ±25°C. 

(Comparative Example 3) 

In Comparative Examples 1 and 2. the average particle diameter (pm) after mixing, average particle diameter (^m) 
so after grinding and temperature were evaluated in the same manner as in Example 15. The results are shown in Table 
10. 

As described above, when Examples 15 to 20 are compared, all thermistor elements show temperature character- 
istics with good resistivity as the object of the present invention. 

Regarding the temperature sensor, however, the production methods of Examples 15 to 18 according to the pro- 
55 duction method of the above third embodiment are superior to those of Examples 1 9 and 20. Furthermore, the produc- 
tion methods of Examples 15 and 16 are superior to those of Examples 17 and 18. 

That is, the larger the number of steps of performing atomization using the medium stirring mill so that the particle 
diameter of the raw material is smaller than a predetermined value in the mixing step in the first preparation step before 
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firing and grinding step in the second preparation step, the more the temperature accuracy is improved. 

(Other Modification Examples) 

By the way, it is also possible to provide a wide-range type thermistor element comprising a mixed sintered body of 
Y(CrMnTi)0 3 and Y 2 0 3 as in Examples 3 to 6 from a composition of Y(Cr 0 . 5 Mno.5)03. (Mn^Cr^CU and Ti0 2 or from 
Y(Cr 0 5 Mn 0i5 )O 3 , (Mn^sCr^CU, Y 2 0 3 and YTi0 3 , other than Examples 1 to 20. 

It is possible to prepare a wide-range type thermistor element composed of a mixed sintered body of Y(CrMn)0 3 
and Y 2 0 3 like Examples 1 and 2 from a yttrium compound (e.g. Y 2 0 3 . etc.). a chromium compound (e.g. Cr 2 0 3 , etc.) 
and a manganese compound (e.g. Mn 2 0 3 , etc.), as a matter of course. 

It is also possible to prepare a wide-range type thermistor element composed of a mixed sintered body of Y(CrM- 
nTi)0 3 and Y 2 0 3 like Examples 3 to 6 from a yttrium compound (e.g. Y 2 0 3 , etc.), a chromium compound (e.g. Cr 2 0 3 , 
etc.) and a manganese compound (e.g. Mn 2 0 3 , etc.), as a matter of course. 

In Examples 1 to 20, in the first preparation step, the mixed solid is hot-air dried before firing, roughly ground by 
using a chaser mill and then calcined. It is also possible to provide a wide-range type thermistor element by adding a 
binder in the mixing step, granulating and drying a mixed powder and calcining the mixed powder in order to realize uni- 
formity of the composition. 

In the same manner as described above, a wide-range type thermistor element can also be provided by carrying 
out the calcination in the production method of the thermistor element two or more times. 

In Examples 1 to 20, as the lead wire, a wire (material: Pt100 (pure platinum)) having a wire diameter of 0.3 0 and 
a length of 10.5 mm was used, but the shape, wire diameter and length of the lead wire can be optionally selected 
according to the shape, dimension and working atmosphere/condition of the temperature sensor. The material of the 
lead wire is not limited to Pt100 (pure platinum), and there can also be used a high-melting temperature metal having 
a melting point enough to endure the firing or sintering temperature of the thermistor element and providing satisfactory 
conductivity as the lead wire, e.g. PW20 (platinum 80%, iridium 20%), etc. 

For the purpose of preventing the lead wire from breaking, the section can take any shape other than circular 
shape, e.g. rectangular shape, half-round shape, etc. It is also possible to use the lead wire of the thermistor element 
after providing irregularities on the lead wire surface by knuring. 

In Examples 1 to 20, as a molding method of the thermistor element molding is performed after inserting the lead 
wire. It is also possible to form a lead wire by molding a thermistor raw material (powder) to form a cylindrical molded 
article, making a hole for providing the lead wire, inserting the lead wire, followed by calcination, thereby making it pos- 
sible to obtain a thermistor element 

It is also possible to form a thermistor element by forming a lead wire after calcining the cylindrical molded article. 

It is also possible to obtain a thermistor element provided with a lead wire by adding a binder, a resin material, etc. 
to raw materials of the thermistor element, mixing them, adjusting the viscosity and hardness of the mixture to those 
suitable for extrusion molding, performing extrusion molding of the mixture to obtain a molded article of the thermistor 
element with a hole for providing a lead wire, inserting the lead wire, followed by calcination. 

It is also possible to obtain a thermistor element provided with a lead wire by adding a binder, a resin material, etc. 
to raw materials of the thermistor element, mixing them, adjusting the viscosity and hardness of the mixture to those 
suitable for sheet molding, performing sheet molding of the mixture to obtain a sheet-like thermistor sheet having a 
thickness of 200 ^m. laminating five thermistor sheets each other to form a laminate having a thickness of 1 mm, mold- 
ing the laminate in a mold to obtain a molded article of a thermistor element with a hole having a diameter of 0.4 mm0 
for providing a lead wire having an outer diameter of 1 .8 mm0 , inserting the lead wire, followed by firing. 

The present invention was described hereinabove, but the thermistor element of the present invention is a material 
represented by the general formula: aM 1 M 2 0 3 • b(Y 2 0 3 ), composed of a mixed sintered body of M 1 M 2 0 3 showing low 
resistivity and low resistance temperature coefficient (e.g. 1000 to 4000 (K)) and Y 2 0 3 as a material for stabilizing the 
resistivity of the thermistor element. 

Consequently, since the resistivity and resistance temperature coefficient can be widely controlled by appropriately 
mixing both components and calcining the mixture, it is possible to provide a thermistor element which can detect a 
temperature ranging from room temperature to high temperature of 1000°C and has stable characteristics (e.g. no 
change in resistivity, etc.) in view of the reliability of heat history from room temperature to 1000°C (Examples 1 to 20). 

According to tne meinoa or prauuwny me uicmhioiui cicmcm w< =, — 

position is realized by atomization of the thermistor raw material and scatter in resistivity of the thermistor element is 
reduced by reducing a variation in composition, thereby making it possible to provide a thermistor element wherein the 
temperature accuracy is improved to ±10°C or less at room temperature to 1000°C (± 25 to 30°C in the prior art) and 
high accuracy of the temperature sensor can be realized (Examples 7-10 and 15-18). 
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(Example 21) 

In this Example, Y(CrMnTi)0 3 , wherein Y was selected as M 1 , Cr and Mn were selected as M 2 and Ti was selected 
as M 3 in M 1 (M 2 M 3 )0 3 , is obtained. 
5 A flow chart illustrating a production step of the thermistor element of Example 21 is shown in Fig. 21 . 

First Y 2 0 3 , Cr 2 0 3 , Mn 2 0 3 and Ti0 2 (purity of all components is not less than 99.9%) are prepared and then 
weighed so that a molar ratio of Y:Cr:Mn:Ti becomes 100:48:48:4 to make 500 g as the total amount in the step of the 
compounding 1 (compounding 1). Then, the total amount of these weighed substances is charged in a resin pot (vol- 
ume: 5 liter) containing Al 2 0 3 or Zr0 2 pebbles having a diameter of 15 0 (2.5 kg) and pebbles having a diameter of 20 
w 0 (2.5 kg) and, after adding 1500 cc of purified water, the mixture was mixed at 60 rpm for 6 to 12 hours. 

A mixed slurry of Y 2 0 3 , Cr 2 0 3 , Mn 2 0 3 and Ti0 2 obtained after a mixing treatment is transferred to a porcelain 
evaporating dish t and then dried by using a hot-air dryer at 150°C for 1 2 hours or more to obtain a mixed solid of Y 2 0 3 , 
Cr 2 0 3f Mn 2 0 3 and Ti0 2 . 

Subsequently, this mixed solid is roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to 
15 obtain a mixed powder of Y 2 0 3 , Cr 2 0 3 , Mn 2 0 3 and Ti0 2 . This mixed powder is charged in a crucible made of 99.3% 
AI 2 0 3 and then calcined in a high-temperature oven in the air at 1100 to 1300°C for 1 to 2 hours to obtain 
Y ( Cr o,48 Mn o.48" n o 04)C>3 ■ Y(&0ABMn QA aTi 0 0 4)O2 as a bulk solid obtained in the calcination was roughly ground by 
using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 

In the step of the compounding 2, Si0 2 and CaC0 3 , which are converted into a liquid phase within the range from 
20 1 500 to 1 650°C, are used as a sintering auxiliary in case of firing and Si0 2 and CaC0 3 are added in an amount of 3% 
by weight and 4.5% by weight, respectively, based on the total amount of the above y{Cr 0 AQ Mn 0 AB T\ 0 04 )O 2 . 

In the mixing and grinding step, the above Y(Cr a4 aMno.48Tio.o4)0 3 . Y 2 0 3 , Si0 2 and CaC0 3 are charged in a resin 
pot (volume: 5 liter) containing Al 2 0 3 or Zr0 2 pebbles having a diameter of 1 5 0 (2.5 kg) and pebbles having a diameter 
of 20 0 (2.5 kg), in order to mix these weighed substances. After adding 1500 cc of purified water, the mixture was 
25 mixed at 60 rpm for 4 or more hours and then ground. In this case, polyvinyl alcohol (PVA) as a binder is added in an 
amount of 1 g per 100 g of a Y(Cr 04 3Mn 0 ^"Hq 04 )O 3 powder while mixing, followed by grinding. 

A mixed ground slurry of Y(Cr 0 4gMn 0 ^Tio 04 )O 3 obtained after mixing and grinding is granulated and dried by 
using a spray dryer to obtain a granulated powder of Y(Cr 0 ^Mno 4sTio.04)0 3 . This granulated powder is used as a ther- 
mistor raw material. 

30 Subsequently, using this thermistor raw material and a lead wire (material: Pt 10 o (pure platinum)) having a size of 
0.3 mm0 in outer diameter x 10.5 mm in length, the lead wire is inserted and the thermistor raw material is molded in 
a mold having an outer diameter of 1.74 mm0 under a pressure of about 1000 kgf/cm 2 to obtain a molded article of a 
thermistor element (provided with a lead wire) having an outer diameter of 1.75 mm0 . 

The molded article of the thermistor element is arranged on a corrugated setter made of Al 2 0 3 and then calcined 

35 in the air at 1 400 to 1 600°C for 1 to 2 hours to obtain a thermistor element having an outer diameter of 1 .60 mm0 . 

This thermistor element 1 has a structure as shown in Fig. 3, and is composed of lead wires 11, 12 and an element 
portion 13 (prepared by calcining a molded article of the above thermistor element). The thermistor element 1 is incor- 
porated into a typical temperature sensor as shown in Fig. 4 and Fig. 5 to give a temperature sensor. Thus, a temper- 
ature sensor using a thermistor having a composition of element No. 23 in Table 12 is obtained. 

40 As shown in Fig. 5, a metal pipe 3 is filled with a magnesia powder 33 to secure insulating properties of lead wires 

1 1, 12, 31 , 32 in the metal pipe 3. 

The temperature sensor was put in a high-temperature oven and temperature characteristics of the resistivity were 
evaluated within the range from room temperature (27°C) to 1000°C. 

Using the temperature sensor, with respect to a change in resistivity of the temperature sensor in a high-tempera- 
45 ture durability test in the air at 1 100°C for 100 hours, a resistivity after 100 hours to an initial resistivity was evaluated 
by the following change in resistivity A R. 

A R (%) = (Resistivity after 100 hours/Initial resistivity) x 100 - 100 

so Furthermore, in the step of the compounding 1 , thermistor element materials were prepared according to the com- 
positions of elements No. 31 , No. 32, No. 34 and No. 34 by changing the molar ratio of Y:Cr:Mn:Ti ( as shown in Table 

12, and thermistor elements were made and the resulting temperature sensors were evaluated. The respective resist- 
ance characteristics of the compositions of the elements No. 31 to No. 35 are shown in Table 12. 

As shown in this table, the wide-range type thermistor material of this Example shows the resistivity of 50 to 100 
55 kQ required as a temperature sensor. Therefore, it is possible to detect a temperature ranging from room temperature 
to high temperature of 1000°C. 

The resistivity temperature coefficient p was calculated by the resistivity at room temperature (27°C) and that at 
1000°C. 
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As is apparent from the results of the high-temperature durability test, it can be confirmed that a wide-range type 
thermistor material having stable characteristics (e.g. small change in resistivity), etc.) is provided. 

(Example 22) 

5 

In this Example, M 1 (M 2 M 3 )0 3 wherein Y was selected as M 1 , Cr and Mn were selected as M 2 and Ti was selected 
as M 3 , i.e.. Y(CrMnTi)0 3 . is obtained, and is prepared from (MnCr)0 4 spinel, Y 2 0 3 and Ti0 2 . 

A flow chart illustrating a production step of the thermistor element of Example 22 is shown in Fig. 22. 

(MnCr)0 4 spinel is prepared as follows. That is, Cr 2 0 3 and Mn 2 0 3 (purity of all components is not less than 99.9%) 
10 are first prepared and then weighed so that a molar ratio Cr:Mn becomes 1 :1 to make 500 g as the total amount (com- 
pounding 1). Then, the total amount of these weighed substances is charged in a resin pot (volume: 5 liter) containing 
Al 2 0 3 or Zr0 2 pebbles having a diameter of 15 0 (2.5 kg) and pebbles having a diameter of 20 0 (2.5 kg) and, after 
adding 1 500 cc of purified water, the mixture was mixed at 60 rpm for 6 to 12 hours. A mixed slurry of Cr 2 0 3 and Mn 2 0 3 
obtained after a mixing treatment is transferred to a porcelain evaporating dish, and then dried by using a hot-air dryer 
is at 150°C for 12 hours or more to obtain a mixed solid of Cr 2 0 3 and Mn 2 0 3 . 

Subsequently, this mixed solid is roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to 
obtain a mixed powder of Cr 2 0 3 and Mn 2 0 3 . This mixed powder is charged in a crucible made of 99.3% Al 2 0 3 and then 
temporarily calcined in a high-temperature oven in an atmosphere under a normal pressure (in the air) at 1100 to 
1300°C for 1 to 2 hours to obtain (Mn-, 5 Cr 1 s)0 4 . (Mn^sCr-i 5 )0 4 as a bulk solid obtained in the temporary calcination 
20 was roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 

In the following step of the compounding 2, for the purpose of obtaining the composition of the element No. 33 in 
Table 12, (MnCr)0 4 spinel, Y 2 0 3 and Ti0 2 are weighed to make 500 g as the total amount, followed by mixing and 
grinding treatment. In the same manner as in Example 21 , Si0 2 and CaC0 3 are added as a sintering auxiliary, but Si0 2 
and CaC0 3 are added in an amount of 3% by weight and 4.5% by weight, respectively, based on the total amount of 
25 the above (M^ 5 Cr^ s)0 4 and Y 2 0 3 . 

The above (MnCr)0 4 , Y 2 0 3 , Si0 2 and CaC0 3 are charged in a resin pot (volume: 5 liter) containing Al 2 0 3 or Zr0 2 
pebbles having a diameter of 15 mm0 (2.5 kg) and pebbles having a diameter of 20 mm0 (2.5 kg). After adding 500 
cc of purified water, the mixture was mixed at 60 rpm for 4 or more hours and then ground. 

Mixing, grinding, granulation, molding and firing are performed in the same manner as in Example 21 to obtain a 
30 thermistor element. This thermistor and a temperature sensor made by incorporating this thermistor element have the 
same structure as that shown in Fig. 3 to Fig. 5 like Example 21 . The temperature sensor is evaluated in the same man- 
ner as in Example 21 . 

Furthermore, in the step of the compounding 2, thermistor element were prepared by adjusting a molar ratio of 
(Mn0r)O 4 spinel, Y 2 0 3 and Ti0 2 becomes the compositions of elements No. 31, No. 32, No. 34 and No. 35 in Table 12, 
35 and thermistor elements were made and the resulting temperature sensors were evaluated. 

As a result, according to the production method of Example 22, the same results as in Table 12 are obtained. 
Therefore, the wide-range type thermistor element of this Example can provide a wide-range type thermistor element 
having stable characteristics causing little change in resistivity. 

40 (Example 23) 

In this Example, M 1 (M 2 M 3 )0 3 wherein Y was selected as M 1 , Cr and Mn were selected as M 2 and Ti was selected 
as M 3 , i.e., Y(CrMnTi)0 3 , is obtained, and Y(CrMnTi)0 3 is prepared from Y(CrMn)0 3l Y 2 0 3 and Ti0 2 . 

A flow chart illustrating a production step of the thermistor element of Example 23 is shown in Fig. 23. 
45 In the production of Y(CrMn)0 3 . Y 2 0 3 , Cr 2 0 3 and Mn 2 0 3 (purity of all components is not less than 99.9%) are first 
prepared and then weighed so that a molar ratio Y:Cr:Mn becomes 2:1 :1 to make 500 g as the total amount (compound- 
ing 1). 

Then, the total amount of Y 2 0 3 . Cr 2 0 3 and Mn 2 0 3 is charged in a resin pot (volume: 5 liter) containing Al 2 0 3 or 
Zr0 2 pebbles having a diameter of 1 5 mm0 (2.5 kg) and pebbles having a diameter of 20 mm0 (2.5 kg) and, after add- 
so ing 1500 cc of purified water, the mixture was mixed at 60 rpm for 6 to 12 hours. A mixed slurry of Y 2 0 3 , Cr 2 0 3 and 
Mn^Oa obtained after a mixing treatment is transferred to a porcelain evaporating dish, and then dried by using a hot- 
air dryer at 1 50°C for 12 hours or more to obtain a mixed solid of Y 2 fJ 3 , Cr 2 0 3 and Mn 2 0 3 

Subsequently, the mixed solid of Y 2 0 3 , Cr 2 0 3 and Mn 2 0 3 is roughly ground by using a chaser mill and passed 
through a sieve (# 30 mesh) to obtain a mixed powder of Y 2 0 3 , Cr 2 0 3 and Mn 2 0 3 . The mixed powder of Y 2 0 3 , Cr 2 0 3 
55 and Mn 2 0 3 is charged in a crucible made of 99.3% Al 2 0 3 and then calcined in a high-temperature oven in the air at 
1 100 to 1300°C for 1 to 2 hours to obtain Y(Cr 0 5 Mno 5 )0 3 . Y(Cr 0 5 Mn 0 g)0 3 as a bulk solid obtained in the calcination 
was roughly ground by using a chaser mill and passed through a sieve (# 30 mesh) to obtain a powder. 

In the step of the compounding 2, for the purpose of obtaining the composition of the element No. 33 in Table 12, 



31 

BNSDOCID: <EP 0866472A2 t > 



EP 0 866 472 A2 



Y(Cr 0 5 Mn 0 5)0 3 , Y 2 0 3 and Ti0 2 are weighed to make 500 g as the total amount followed by mixing and grinding treat- 
ment. In the same manner as in Examples 21 to 22, Si0 2 and CaC0 3 are added as a sintering auxiliary, but Si0 2 and 
CaC0 3 are added in an amount of 3% by weight and 4.5% by weight, respectively, based on the total amount of the 
above Y(Cr 0 5 Mn 0 . 5 )O 3 . Y 2 0 3 and Ti0 2 . 

In the mixing and grinding step, the above Y(CrMn)0 3 , Y 2 0 3 , Ti0 2 . Si0 2 and CaC0 3 are charged in a resin pot 
(volume: 5 liter) containing A1 2 0 3 or Zr0 2 pebbles having a diameter of 15 0 (2.5 kg) and pebbles having a diameter of 
20 0 (2.5 kg). After adding 1500 cc of purified water, the mixture was mixed at 60 rpm for 4 or more hours and then 
ground. 

Mixing, grinding, granulation, molding and firing are performed in the same manner as in Example 21 to obtain a 
thermistor element This thermistor and a temperature sensor made by incorporating this thermistor element have the 
same structure as that, shown in Fig. 3 to Fig. 5, of Example 21 . The temperature sensor is evaluated in the same man- 
ner as in Example 21. 

Furthermore, in the step of the compounding 2. thermistor element were prepared by adjusting a molar ratio of 
Y(Cr 0 5 Mn 0 5)0 3 . Y 2 0 3 and Ti0 2 becomes the compositions of elements No. 31, No. 32, No. 34 and No. 35 in Table 12, 
and thermistor elements were made and the resulting temperature sensors were evaluated. 

As a result, according to the production method of Example 23, the same results as in Table 12 are obtained 
Therefore, the wide-range type thermistor element of this Example can provide a wide-range type thermistor element 
having stable characteristics causing little change in resistivity. 

(Example 24) 

In this Example, M 1 (M 2 M 3 )0 3 wherein Y was selected as M 1 , Cr and Mn were selected as M 2 and Ti was selected 
as M . i.e., Y(CrMnTi)0 3 , is obtained, and Y(CrMnTi)0 3 is prepared from Y(Cr 0 sMno 5)0 3f Y 2 0 3 and YTi0 3 

A flow chart illustrating a production step of the thermistor element of Example 24 is shown in Fig. 24. Y(CrMn)0 3 
is prepared in the same process as in Example 23 (Compounding 2). 

In the compounding 2 step, YTi0 3 is prepared as follows. That is, Y 2 0 3 and Ti0 2 (purity of all components is not 
less than 99.9%) are first prepared and then weighed so that a molar ratio of Y:Ti becomes 1 :1 to make 500 g as the 
total amount. Then, the total amount of the weighed substances is charged in a resin pot (volume: 5 liter) containing 
Al 2 0 3 or Zr0 2 pebbles having a diameter of 15 0 (2.5 kg) and pebbles having a diameter of 20 0 (2 5 kg) and after 
adding 1500 cc of purified water, the mixture was mixed at 60 rpm for 6 hour. A mixed slurry of Y 2 0 3 and Ti0 2 obtained 
after a mixing treatment is transferred to a porcelain evaporating dish, and then dried by using a hotair dryer at 150°C 
for 12 hours or more to obtain a mixed solid of Y 2 0 3 and Ti0 2 . 

Subsequently, the mixed solid of Y 2 0 3 and Ti0 2 is roughly ground by using a chaser mill and passed through a 
sieve (# 30 mesh) to obtain a mixed powder of Y 2 0 3 and Ti0 2 . The mixed powder is charged in a crucible made of 
99.3% AI 2 0 3 and then calcined in a high-temperature oven in the air at 1 100 to 1300°C for 1 to 2 hours to obtain YTi0 3 
YTi0 3 as a bulk solid obtained in the calcination was roughly ground by using a chaser mill and passed through a sieve 
{# 30 mesh) to obtain a powder. 

In the step of the compounding 3. for the purpose of obtaining the composition of the element No. 3 in Table 12 
Y(Cr 0 5 Mn 0 5)0 3 , Y 2 0 3 and YT10 3 are weighed to make 500 g as the total amount, followed by mixing and grinding 
treatment. In the same manner as in Examples 21 to 22. Si0 2 and CaC0 3 are added as a sintering auxiliary, but SiOo 
and CaC0 3 are added in an amount of 3% by weight and 4.5% by weight, respectively, based on the total amount of 
the above Y(Cr 0 5 Mn 0 5 )O 3 , Y 2 0 3 and YT10 3 . 

The above Y(CrMn)0 3l Y 2 0 3( YTi0 3 , Si0 2 and CaC0 3 are charged in a resin pot (volume: 5 liter) containing AI 2 O a 
or Zr0 2 pebbles having a diameter of 1 5 0 (2.5 kg) and pebbles having a diameter of 20 0 (2.5 kg). After adding 1 500 
cc of purified water, the mixture was mixed at 60 rpm for 4 or more hours and then ground. 

Mixing, grinding, granulation, molding and firing are performed in the same manner as in Example 21 to obtain a 
thermistor element. This thermistor and a temperature sensor made by incorporating this thermistor element have the 
same structure as that shown in Table 12 like Example 21 . The temperature sensor is evaluated in the same manner 
as in Example 21. 

Furthermore, in the step of the compounding 2, thermistor element were prepared by adjusting a molar ratio of 
Y(Cr 0 5 Mn 0 5 )0 3 . Y 2 0 3 and YTi0 3 becomes the compositions of elements No. 31. No. 32, No. 34 and No. 35 in Table 
12, and thermistor elements were made and the resulting temperature sensors were evaluated. 

As a result, according to the production method of Example 24, the same results as in Table 12 are obtained 
Ther fore, the wide-range type thermistor element of this Example can provide a wide-range type thermistor element 
having stable characteristics causing little change in resistivity. 
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(Example 25) 

In this Example, Y(CrMnTi)0 3 , wherein Y was selected as M 1 , Cr and Mn were selected as M 2 and Ti was selected 
as M 3 in M 1 (M 2 M 3 )0 3 , is obtained, and Y(CrMnTi)0 3 is prepared from (MnCr)0 4 spinel, Y 2 0 3 and YTi0 3 . 
5 A flow chart illustrating a production step of the thermistor element of Example 25 is shown in Fig. 25. (MnCr)0 4 

spinel is prepared in the manner similar to in Example 22. YTi0 3 is prepared in the manner similar to in Example 24. 

In the step of the compounding 3, for the purpose of obtaining the composition of the element No. 33 in Table 12, 
(MnCr)0 4 spinel, Y 2 0 3 and YTi0 3 are weighed to make 500 g as the total amount, followed by mixing and grinding 
treatment. In the same manner as in the above respective Examples, Si0 2 and CaC0 3 are used as a sintering auxiliary 
w and Si0 2 and CaC0 3 are added in an amount of 3% by weight and 4.5% by weight, respectively, based on the total 
amount of the above (MnCr)0 4 spinel, Y 2 0 3 and YTi0 3 . 

Then, the above (MnCr)0 4 spinel, Y 2 0 3 , YT1O3 are charged in a resin pot (volume: 5 liter) containing Al 2 0 3 or Zr0 2 
pebbles having a diameter of 15 mm0 (2.5 kg) and pebbles having a diameter of 20 mm0 (2.5 kg) and, after adding 
1 500 cc of purified water, the mixture was mixed at 60 rpm for 4 or more hours. 
is Mixing, grinding, granulation, molding and firing are performed in the same manner as in Example 21 to obtain a 
thermistor element. 

The thermistor element has a structure as shown in Table 12, and is incorporated into a typical temperature sensor 
assay to give a temperature sensor. The temperature sensor is evaluated in the same manner as in Example 21 . 

Furthermore, in the step of the compounding 2, thermistor element were prepared by adjusting a molar ratio of 
20 (MnCr)0 4 spinel, Y 2 0 3 and YTi0 3 becomes the compositions of elements No. 31 , No. 32. No. 34 and No. 35 in Table 
10, and thermistor elements were made and the resulting temperature sensors were evaluated. 

As a result, according to the production method of Example 25, the same results as in Table 12 are obtained. 
Therefore, the wide-range type thermistor element of this Example can provide a wide-range type thermistor element 
having stable characteristics causing little change in resistivity. 
25 As described in Examples 21 to 25, when Y(CrMnTi)0 3 is represented as Y((CrMn) a Ti b )0 3 , a molar fraction of the 
total of Cr and Mn is a, a molar fraction of Ti is b and a + b=1,if0<b<0.1,the resistivity is stable in view of heat 
history from room temperature to 1000°C. Therefore, it is possible to realize a wide-range type thermistor element hav- 
ing the resistivity of 60 to 300 kQ within the temperature range from room temperature to 1000°C. 

Accordingly, it is possible to provide a wide-range type thermistor element which can detect a temperature ranging 
30 from room temperature to high temperature of 1000°C and has stable characteristics (e.g. no change in resistivity, etc.) 
in view of the reliability of heat history from room temperature to 1000°C. 

By the way, it is also possible to provide a wide-range type thermistor element having the composition of Y(CrM- 
nTi)0 3 from the composition of Y(CrMn)0 3 , (Mn0r)O 4 spinel, Y 2 0 3 and Ti0 2 or the composition of Y(CrMn)0 3 , 
(MnCr)0 4 spinel. Y 2 0 3 and YTi0 3 , other than Examples 21 to 25. 
35 It is possible to prepare a wide-range type thermistor material having the composition of Y(CnMnTi)0 3l like Exam- 
ples 21 to 25, from an yttrium compound (e.g. Y 2 0 3 , etc.), a chromium compound (e.g. Cr 2 0 3 , etc.) and a titanium com- 
pound (e.g. Ti0 2 , etc.), as a matter of course. 

In Examples 21 to 26, the mixed solid is hot-air dried before firing, roughly ground by using a chaser mill and then 
calcined. It is also possible to provide the above wide-range type thermistor element by adding a binder in the mixing 
40 step, granulating and drying a mixed powder and calcining the mixed powder in order to realize the uniformity of the 
composition. 

To realize uniformity of the composition, a wide-range type thermistor element can also be provided by carrying out 
the calcination in the production method of the thermistor element two or more times. 

In Examples 21 to 25, as the lead wire, a wire (material: Pt 10 o (pure platinum)) having a wire diameter of 0.3 mm0 
45 and a length of 10.5 mm was used, but the shape, wire diameter and length of the lead wire can be optionally selected 
according to the shape, dimension and service atmosphere/condition of the temperature sensor. The material of the 
lead wire is not limited to Pt 10 o (pure platinum), and there can also be used a high-melting temperature metal having a 
melting point enough to endure the calcination temperature of the thermistor element and providing satisfactory con- 
ductivity as the lead wire, e.g. Pt 80 lr 20 (platinum 80%, iridium 20%), etc. 
so For the purpose of preventing the lead wire from breaking, the section can take any shape other than circular 
shape, e.g. rectangular shape, half-round shape, etc. It is also possible to use the lead wire of the thermistor element 
after providing irreguiariiies on ihe ieau wife SuiiaCc Ly burling. 

In Examples 21 to 25, as a molding method of the thermistor element, molding is performed after inserting the lead 
wir . It is also possible to form a lead wire by molding a thermistor raw material (powder) to form a cylindrical molded 
55 article, making a hole for providing the lead wire, inserting the lead wire, followed by calcination, thereby making it pos- 
sible to obtain a thermistor element. 

It is also possible to thermistor element by forming a lead wire after calcining the cylindrical molded article. 

It is also possible to obtain a thermistor element provided with a lead wire by adding a binder, a resin material, etc. 
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to raw materials of the thermistor element, mixing them, adjusting the viscosity and hardness of the mixture to those 
suitable for sheet molding to obtain a sheet-like thermistor sheet having a thickness of 200 *im, laminating five thermis- 
tor sheets to form a laminate having a thickness of 1 mm, molding the laminate in a mold to obtain a molded article of 
the thermistor element having an outer diameter of 1.8 mm0 and a hole, 0.4 mm0 , for providing a lead wire, inserting 
the lead wire in the hole of the molded article, followed by firing. 

It is also possible to obtain a thermistor element provided with a lead wire by adding a binder, a resin material, etc. 
to raw materials of the thermistor element, mixing them, adjusting the viscosity and hardness of the mixture to those 
suitable for extrusion molding, performing extrusion molding of the mixture to obtain a molded article of the thermistor 
element with a hole for providing a lead wire, inserting the lead wire, followed by firing. 

(Comparative Example 11) 

As Comparative Example 1 1 , Comparative Example of a temperature sensor using a thermistor element having the 
composition of M 1 (M 2 M 3 )0 3 wherein Y is selected as M 1 , Cr is selected as M 2 and M 3 is not added in M 1 (M 2 M 3 )0 3 , 
i.e., Y(Cr 0 sMitq 5 )0 3 , will be described. 

YC1O3 is prepared as follows. That is, Y 2 0 3 and Cr 2 0 3 (purity of all components is not less than 99.9%) are pre- 
pared and then weighed so that a molar ratio of Y:Cr becomes 100:100 in the step of the compounding 1 to obtain 
YCr0 3 in the same manner as in Example 21. Using the prepared YCr0 3 as the raw material, a temperature sensor is 
produced and then evaluated. The results are shown in Table 13 (element No. 36). The evaluation was performed in the 
same manner as in Example 21. 

As is apparent from this table, the resistivity at low temperature range of room temperature (27°C) is remarkably 
high. e.g. 1000 kn or more. Therefore, the temperature cannot be detected. 

As is also apparent from the results of the high-temperature durability test the change in resistivity A R exceeds 
±20% and, therefore, a wide-range thermistor element having stable characteristics can not be provided. Accordingly, 
the thermistor element having the composition of YTi0 3 can not be used as the element of the temperature sensor of 
the present invention. 

(Comparative Example 12) 

As Comparative Example 12, Comparative Example of a temperature sensor using a thermistor element having the 
composition of M 1 (M 2 M 3 )0 3 wherein Y is selected as M 1 , 50 % by mol of Cr is selected as M 2 and 50% by moi of Mn 
is selected as M 3 in M 1 (M 2 M 3 )0 3 . i.e., YCf0 3 will be described. 

In the same manner as in Example 21 . Y(Cr 0 5 Mn 0 s)0 3 is obtained. Using the prepared Y(Cr 0 5 Mn 0 g)0 3 as the 
raw material, a temperature is produced and then evaluated. The results are shown in Table 13 (element No. 37). The 
evaluation was performed in the same manner as in Example 21 . 

As is apparent from this table, since the resistivity at high temperature range of 1000°C is too low, the temperature 
cannot be detected. 

As is also apparent from the results of the high-temperature durability test the change in resistivity A R exceeds 
±20% and, therefore, a wide-range thermistor element having stable characteristics can not be provided. Accordingly, 
the thermistor element having the composition of Y(CrMn)0 3 cannot be used as the element of the desired temperature 
sensor of the present invention. 

(Comparative Example 1 3) 

t 

As Comparative Example 1 3, Comparative Example of a temperature sensor using a thermistor element having the 
composition of YTi0 3 , wherein Y is selected as M 1 . Ti is selected as M 2 and M 3 is not added in M 1 (M 2 M 3 )0 3 , will be 
described. 

In the same manner as in Example 24, YTi0 3 is obtained. Using the prepared YTi0 3 as the raw material, a tem- 
perature is produced and then evaluated. The results are shown in Table 13 (element No. 38). The evaluation was per- 
formed in the same manner as in Example 21 . 

As is apparent from this table, since the thermistor element having the composition of YT1O3 shows remarkably 
high resistivity at low temperature range, i.e. 1000 kn or more, the temperature cannot be detected. 

As is also apparent from the results of the high-temperature durability test the change in resistivity A R exceeds 
±20% and, therefore, a wide-range thermistor element having stable characteristics cannot be provided. Accordingly, 
the thermistor element having the composition of YTi0 3 cannot be used as the element of the desired temperature sen- 
sor of the present invention. 

The embodiments of the present invention were described hereinabove by way of Examples 21 to 25 and Compar- 
ative Examples 1 1 to 13, but the present invention is of course not limited to these embodiments. 



34 

. <EP 0866472A2 I > 



EP 0 866 472 A2 



10 



20 



Claims 

1 A thermistor element comprising a mixed sintered body M^^-Y^ of a composition M 1 M 2 0 3 and Y 2 0 3 , 
wherein M 1 is at least one element selected from the elements of the groups IIA and IMA excluding La in the Peri- 
odic Table, and M 2 is at least one element selected from the elements of the groups IIB, NIB, IVA, VA, VIA, VIIA and 
VIII. 

2. A thermistor element according to claim 1. wherein a and b satisfy the relations 0.05 ^ a < 1.0. 0 < b s 0.95 and 
a + b = 1 . where said a is a molar fraction of M 1 M 2 0 3 and said b is a molar fraction of Y 2 0 3 . 

3 A thermistor element according to claim 1 or 2. wherein said M 1 is at least one element selected from Y, Ce, Pr, Nd. 
Sm. Eu. Gd. Dy. Ho. Er, Yb, Mg, Ca. Sr. Ba and Sc t and said M 2 is at least one element selected from Ti. V, Cr, Mn, 
Fe/co. Ni, Cu, Zn, Al. Ga. Zr, Nb, Mo. Hf. Ta and W. 

is 4. A thermistor element according to claim 3. wherein said M 1 is Y. said M 2 are Cr and Mn, and said mixed sintered 
body is Y(CrMn)0 3 • Y 2 0 3 . 

5. A thermistor element according to claim 3. wherein said M 1 is Y, said M 2 are Cr, Mn and Ti, and said mixed sintered 
body is Y(CrMnTi)0 3 • Y 2 0 3 . 

6. A thermistor element according to any one of claims 1 to 5, further comprising a sintering auxiliary composed of at 
least one of CaO. CaC0 3 and CaSi0 3 , and Si0 2 . 

7. A temperature sensor comprising the thermistor element of claim 1 . 

8. A method of producing the thermistor element of claim 1, which comprises performing calcination to obtain 
M 1 M 2 Q 3 having an average particle diameter larger than that of said Y 2 0 3 ; 

mixing said M 1 M20 3 with said Y 2 0 3 ; grinding the mixture to adjust an average particle diameter of the mixture 
after grinding to an average particle diameter which is not more than that of said Y 2 Q 3 before mixing; molding 
the mixture into an article having a predetermined shape; and sintering the article. 

9 A method of producing the thermistor element of claim 4, which comprises mixing an oxide of Cr with an oxide of 
Mn; calcining the mixture at 1000°C or more to obtain (Mn 1 . 5 Cr 15 )04 having an average particle diameter larger 

35 than that of said Y 2 0 3 ; 

mixing said (Mn n 5 Cr n 5 )0 4 with said Y 2 0 3 ; grinding the mixture to adjust an average particle diameter of the 
mixture after grinding to an average particle diameter which is not more than that of said Y 2 0 3 before mixing; 
molding the mixture into an article having a predetermined shape; and sintering the article. 

10 A method of producing the thermistor element of claim 5, which comprises mixing an oxide of Cr with an oxide of 
Mn- calcining the mixture at 1000°C or more to obtain (Mn 15 Cr 1 . 5 )04 having an average particle diameter larger 
than that of said Y 2 0 3 ; mixing said (Mn n 5 Cr 1 . 5 )0 4 . said Y 2 0 3 , and Ti0 2 ; grinding the mixture to adjust an average 
particle diameter of the mixture after grinding to an average particle diameter which is not more than that of said 
Y 2 0 3 before grinding; molding the mixture into an article having a predetermined shape; and sintering the article. 

11 A method of producing a thermistor element of claim 1. which comprises mixing a raw material of said M 2 with a 
raw material of said M 1 ; grinding the mixture to adjust an average particle diameter of the mixed grind after grinding 
to an average particle diameter which is not more than that of the raw material of said M 1 before mixing and is not 
more than 0.5 |im; calcining the mixed grind to obtain said M 1 M 2 0 3 ; 

... .1. -»-*-: — i — :-i — eaiH v-r»~- mniHinn thp mixture into an article havina a 
mixing saiu rvi ivi w 3 uuiomcu w; cww c -o' ~ - - 

predetermined shape; and sintering the article. 

12. A method of producing a thermistor element of claim 1 , which comprises using those containing at least Y 2 0 3 as 
a raw material of said M 1 ; mixing a raw material of said M 2 with the raw material of said M 1 ; grinding the mixture to 
adjust an average particle diameter of the mixed grind after grinding to an average particle diameter which is not 
more than that of the raw material of said M 1 before mixing and is not more than 0.5 tim; calcining the mixed grind 
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to obtain a precursor having the same composition as that of said mixed sintered body M 1 !^ • Y 2 0 3 ; 

SeSf ' PreCUrS ° r ° btained b/ Ca ' Cinati0n int ° ***■ havi "9 a P^etermined shape; and sintering 



1 3. A method of producing a thermistor element of claim 1 . which comprises mixing a raw material of said m2 wit*, * 
raw materia, of said M' ; grinding the mixtureto adjust an average Zk^J^V^^jS^J^ 

IT. KT, part,cle , dian T wWch is not mo - than * the ™ mate ™' °< ^ K 

.mprethan 0.5 urn; calcining the ground mixture to obtain said M 1 M 2 0 3 ; '*»< g ana is noi 

Zt Saml^S ^l ined ? ^ ? Cinat ° n " Hh ^ Yz ° 3: 9rindin 9 the »■**" to Adjust an average par- 
?aw SZTofiS Y J'bfrp m nnd ' n9 t °, an aV r 96 Partide diameter *** is not ™' e * an th ^ *e 
SiS^jSSSSaSS?' 91 m ° ,d,n9 9r ° Und miXtUr8 30 artde haVin ^ a Predetermined 

14 " J'SSSKr^Mr - "^ e,6ment ^ C ' aim 1 ' *** using those conta^g at .east Y 2 0 3 as 

. mixing a raw material of said M 2 with the raw material of said M 1 ; grinding the mixture to adjust an averaoe oar 

' £ a ^SSS ?J!?5 2? 9rindin H 9 to m avera9e diameter ^V^ZSK 

ttie raw material of said M 1 before mrxing and is not more than 0.5 urn; calcining the ground mixture to obtJn 
a precursor hav.ng the same composition as that of said mixed sintered body mVo, • Y,0, 

i£^3^^S!Z *TLT P * ln0 * " 4Xed SWe,ed **> "'(M 2 " 3 !^. "her* M 1 is at least one 
element selected from the elemenls of the groups II and INA excluding La h the Periodic Table and ui> and 

an?^ ,epreSM " °™ '' en " n, ^ ^ ~"« « «» ^ 'vTvI^ v,« an? VI," ; 

0 ' B ' " "* - "" ■ 15 a — ' — - M * " " is ' 

^Ccrof^^aSS^X.^ ' 5 ' """"^ 8 ^ — " °* 
19. A wide-range type temperature sensor comprising the thermistor element of claim 15. 

20 ' XttJ&^ l £25ZZ2&~ K ,6 ' **•' a — « - 

21 . A wide-range type temperature sensor comprising the thermistor element of claim 1 6. 
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Fig . 5 
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Fig. 6 
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Fig .7 
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Fig. 9 
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Fig. 11 
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Fig .13 
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Fig .18 



COMPOUNDING 1 Y 2 0 3 ,Cr 2 0 3 , 
Mn 2 0 3 ,CaC0 3 



I 



MIXING: MEDIUM STIRRING MILL! 
■ 



CALCINATION 



Y(Cr 0 . 5 Mn 0 .5)0 3 



I 



COMPOUNDING 2 Y(Cr 0 5 Mn 0 s)0 3 ,Y 2 0 3 

I 



MIXING/GRINDING: BALL MILL~] 



GRANULATION/ DRYING 



I 



MOLDING 



FIRING 



THERMISTOR ELEMENT 



52 



EP 0 866 472 A2 



Fig .19 
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Fig .23 
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Fig .24 
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Fig .25 
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